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LETTER OF TRANSMITTAL

DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY
CIVIL WORKS
108 ARMY PENTAGON
WASHINGTON DC 20310-0108

07 AUG BB

ATTENTION OF

Honorable Newt Gingrich
Speaker of the House

of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

In final response to a resolution adopted by the House Committee on
Public Works and Transportation on October 1, 1986, the Secretary of the Army
recommends authorization of a flood damage reduction project for Rio Nigua at
Salinas, Puerto Rico. The proposal is described in the April 15, 1997, report of
the Chief of Engineers which includes other pertinent reports and comments.
The views of the Commonwealth of Puerto Rico, the Department of the Interior,
and the Environmental Protection Agency are set forth in the enclosed report.

The recommended plan maximizes net national economic development
benefits consistent with environmental quality. The plan consists of two
separable elements. The first separable element consists of an earthen levee,
about 2.96-kilometers (1.84-miles) long, which would provide flood protection to
the communities of Salinas and Playa de Salinas located along the east bank
of the Rio Nigua between Puerto Rico Highway 52 and the mouth of the river.
Levee heights would range from about 1.5 meters (5 feet) to about 5 meters
(16.4 feet). A Gabion rock mattress would protect the levee face and channel
bank from erosion. The bridge and roadway ramp at Puerto Rico Highway 1
would be replaced and an existing railroad bridge, which is no longer in use,
would be removed. The first cost of the Salinas separable element is estimated
at $10,236,000.

The second separable element consists of an earthen levee, about
3.98-kilometers (2.47-miles) long, which would provide flood protection to the
community of Coco located along the west bank of the Rio Nigua upstream of
Puerto Rico Highway 52, and about 4 kilometers (2.5 miles) north of Salinas.
The height of the levee would average about 3.8 meters (12.5 feet), and would
be protected from erosion by the establishment and maintenance of a grass
cover. The first cost of the Coco separable element is estimated at $3,100,000.

vii



Both levees are designed to protect against a flood that has an expected
annual exceedance probability of about 1 percent, or a 100-year flood. For the
Salinas and Playa de Salinas area, the levee is expected to have about a 99
percent probability of containing the 100-year flood. For the Coco area, the
levee is expected to have about a 91 percent probability of containing the 100-
year fiood. Overall, flood damages would be reduced by about 98 percent.
Each of the separable elements is economically justified and represents the
national economic development plan for that element. No separable fish and
wildlife mitigation measures are required.

In accordance with Section 202(a) of the Water Resources Development
Act of 1996, the minimum non-Federal costs for the flood damage reduction
project would be 35 percent. Based on October 1997 price levels, the project
has a total first cost of about $13,336,000, of which about $7,427,000 would be
Federal and about $5,909,000 would be non-Federal. in addition, non-Federal
interest would be required to implement a floodplain management plan for the
project area. The project sponsor is the Puerto Rico Department of Natural and
Environmental Resources.

The Office of Management and Budget advises that there is no objection
to the submission of the report to the Congress. A copy of its letter is enclosed
in the report.

Enclosure



COMMENTS OF THE OFFICE OF MANAGEMENT AND
BUDGET

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON, Q.C. 20503

APR 211 168

The Honorable John H. Zirschky
Acting Assistant Secretary of the
Amy for Civil Works
Pentagon - Room 2E570
Washington, D.C. 20310-0108

Dear Dr. Zirschky:

As required by Executive Order 12322, the Office of Management and Budget has completed
its review of your recommendation for the Rio Nigua at Salinas, Puerto Rico, project.

The Administration supports authorization of this project for construction in accordance with
the recommendation of your letter of July 9, 1997. The Office of Management and Budget does
not object to submission of this report to Congress.

Sincerely,

[ '
f ‘d.(lé. ( C,Q‘/u\ ’55? ‘\
Kathleen Peroff [

Deputy Associate Director
Encrgy and Science



COMMENTS OF THE COMMONWEALTH OF PUERTO RICO

COMMONWEAL TH OF PUERTO RICO Minilles Governmental Center, North Bidg.
OFFICE OF THE GOVERNOR Da Diego Ave, Stop 22
PUERTO RICO PLANNING BOARD #. 0. Sox 41119, Sen Jusn, P. R. 00040 - 1119

January 21, 1997

Mr. David B. Sanford, Jr.
Chief, Policy Division

Policy Reviev Branch
Directorate of Civil Works
U.S. Army Corps of Engineeers
Washington, D.C. 20314- 1000

Dear Mr. Sanford:

Reference is made to letter dated November 20, 1996
requesting comments on the document Final Feasibility Report
and Eavironmental Assessment for Rio Nigua at the Municipality
of Salinas.

Encliosed, herevith, copy of our comments to Ms. Ada
Squires, Policy Reviev Branch, dated December 31, 1996.

Do not hesitate to contact us for turther assistance.
Cordially yours,

LSO N X e, il

José R. Caballero-Mercado
Acting Chairman

Enclosure



COMMENTS OF THE COMMONWEALTH OF PUERTO RICO

COMMONWEALTH OF PUERTO RICO Miniltas Governmentel Center, North Bidg.

OFFICE OF THE GOVERNOR De Diego Ave, Stop 22

PUERTO RICO PLANNING BOARD P. O. Box 41119, Sen Juan, P. R. 00940 - 1119
31Dic ns

Ms. Ada Squires

Policy Review Branch

Policy Division

Attn: CECW-AR (SA)

7701 Telegraph Road

Alexandria, Virginia 22315-3861

Dear Ms. Squires:

This is in reference to the letter dated November 20, 1996
requesting comments on the document Final Feasibility Report
and Environmental Assessment, December 1996 for Rio Nigua at
the Municipality of Salinas.

The existing flooding condition in the municipality means
serious socio-economic grow restrictions withing the
urbanized area and its adjacent lands. Also, it represents a
threat to the lives and personal properties. As a matter of
fact, the municipality does not have an urban expansion plan
due to the flooding classification. According with the Flood
Insurance Study Rio Majada Basin prepared by the Corps of
Engineers for the Federal Emergency Management Agency, the
urban area is located within the floodway of Rio Nigua, which
implies restriction for new development and substancial
improvements. This was reflected through the Territorial
Ordinance Plan promoted by the Municipality of Salinas, based
on the Municipal Autonomy Law. The document has the objetive
to prepare a Territorial Plan and to clasify the lands and
its uses. Flooding condition is one of the main obstacles to
classify the lands.

We reccommend the flocd control project of Rio Nigua near the
urban core of the Municipality of Salinas and the Coco
Community. Is is expected through this project that the
municipality will have opportunities of redevelopment and
densification all the urban area.

Cordially yours,

s

s
. aeer
Norma . .Byrgos-Andijar
Chairwoman
c: Hon. Pedro J. Roselld
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COMMENTS OF THE DEPARTMENT OF THE INTERIOR

United States Department of the Interior

OFFICE OF THE SECRETARY
Washington. D.C. 20240

DEC 6 199

ER 96/749

Mr. Raleigh H. Leef

Acting Chief, Policy Division
Directorate of Civil Works
ATTN: CECW-AR (SA)
7701 Telegraph Road
Alexandria, VA 22315-3861

Dear Mr. Leef:

The Department of the Interior has completed its review of the proposed Chief of Engineers
report and related documents concerning the Rio Nigua at Salinas, Puerto Rico. The current plan
calls for the construction of levees at Coco community at the lower Rio Nigua. Some minor
channe! improvements are also planned.

The construction of the two levees will not impact wetlands or our trust resources. The proposed
channel improvements will not impact the designated Coastal Barrier PR-47, which comprises the
mouth of the Rio Nigua.

Based on our review of the existing documentation and current Corps proposal we believe that
the Department’s natural resources would not be adversely impacted by the project as currently
proposed. Thank you for the opportunity to provide these comments.

Willie R. Taylor, Director
Office of Environmental Policy
and Compliance

xii
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COMMENTS OF THE ENVIRONMENTAL PROTECTION
AGENCY

) UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

N ‘g REGION 2
w 200 BROADWAY
/) NEW YORK, NY 10007-1866

G 101988

Ms. Ada Squires

U.S. Army Corps of Engineers
Policy Review Branch

Attn: CECW-AR (SA)

7701 Telegraph Road
Alexandria, VA 22315-3861

Dear Ms. Squires:

The Environmental Protection Agency (EPA) has reviewed the final
feasibility report and Environmental Assessment (EA) for the
flood control project for the Rio Nigua in the vicinity of the
town of Salinas, Puerto Rico.

The draft EA evaluated several structural and nonstructural
alternatives, as well as the no-action alternative, to address
planning objectives. The plan recommended in the final EA
consists of a levee system to provide flood protection to the
town of Salinas and to Coco community.

As we stated in our letter of July 11, 1996 regarding the draft
EA, we do not anticipate that implementation of the preferred
alternative will result in significant adverse impacts to the
environment. Accordingly, EPA has no objections to its
implementation.

If you have any questions concerning this letter, please contact
Deborah Freeman of my staff at (212) 637-3730.

Sincerely yours,

/ L
& ” 'u\1{E Eﬁi/(
.Grdce Mu eci, Chief

Environméntal Review Section
Strategic Planning and Multi-Media Programs Branch
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RIO NIGUA AT SALINAS, PUERTO RICO

REPORT OF THE CHIEF OF ENGINEERS, DEPARTMENT OF THE ARMY

DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS
TON, D.C.

CECW-PE (10-1-7a) 15 MR 5

SUBJECT: Rio Nigua at Salinas, Puerto Rico
THE SECRETARY OF THE ARMY

1. I submit for transmission to Congress my report on flood damage reduction along the Rio
Nigua at Salinas, Puerto Rico. It is accompanied by the report of the district and division
engineers. These reports are in final response to a resolution by the Committee on Public Works
and Transportation of the House of Representatives dated 1 October 1986. The study resolution
requested that the Secretary of the Army, acting through the Chief of Engineers, make a survey of
the Rio Nigua at Salinas, Puerto Rico, and such tributary streams as may be necessary, to
determine the advisability of providing improvements for flood control, water supply, and allied
purposes. Preconstruction engineering and design activities will be continued under this

authority.

2. The reporting officers recommend a flood damage reduction project primarily involving levee
construction of two separabl These el include a 2.96-kilometer (1.84-mile)
levee to provide flood protection along the east bank of the Rio Nigua between Puerto Rico
Highway 52 and the mouth of the river and a 3.98-kilometer (2.47-mile) levee to provide flood
protection to the Coco community, upstream of Puerto Rico Highway 52. These levees are
designed to protect against a flood event that has an expected annual exceedance probability of

about 1 percent. No fish and wildlife mitigation features are required.

3. The estimated first cost of the recommended plan, based on October 1996 price levels, is
$12,802,000, of which $6,920,000 would be Federal and $5,882,000 would be non-Federal. The
total average annual cost, based on a discount rate of 7 3/8 percent and a 50-year period of
analysis, is estimated at $1,078,000, including $66,000 for operation, maintenance, repau'
replacement, and rehabilitation. The average annual ic benefits are esti d at
$3,046,000. The benefit-cost ratio is 2.8 to 1. The proposed plan is the national economic
development (NED) plan, and each of the separable levee elements is economically justified and
represents the NED plan for that element.

",

. Washington level review indi that the proposed plan is technically sound, ecc ically
justified, and environmentally acceptable. The proposed project complies with applicable Corps
planning procedures and regulations. Also, the views of interested parties, including Federal,
State, and local ies have been id
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5. Accordingly, I d that imp for flood d duction in the Rio Nigua at
Salinas area be authorized subject to cost sharing as required by Public Law 99-662, the Water
Resources Development Act of 1986, as amended by Section 202 of Public Law 104-303, the
Water Resources Development Act of 1996. This recommendation is also subject to the non-
Federal sponsor agreeing to comply with applicable Federal laws and policies, including the
following requirements:

a. Provide a minimum of 35 percent, but not to exceed 50 percent, of total project costs
as further specified below:

(1) Provide, during construction, a cash contribution equal to 5 percent of total
project costs;

) Provtde all lands easements, and rights-of-way, including suitable borrow and
dredged or | areas, and perform or assure the performance of all reloca-

tions determmed by the Federal Govemmenx to be necessary for the construction, operation, and
maintenance of the project;

3) Prtmde or pay to the Federal Govemment the cost of pmvndmg all retaining
dikes, s, bulkh and kments, i g all itoring features and stilling
basins, that may be required at any dredged or excavated ‘material disposal areas required for the
construction, operation, and maintenance of the project; and

(4) Provide during construction any additional costs as necessary to make its total
contribution equal to 35 percent of total project costs.

b. Provide all lands, easements, and rights-of-way, and suitable borrow and dredged or
excavated material disposal areas, and perform or ensure the performance of all relocations
determined by the Federal Government to be necessary for the construction, operation, and
maintenance of the project;

c. Provide all impi equired on lands, and rights-of-way to enable the
proper disposal of dredged or d material iated with the construction, operation,
i repair, repl or rehabilitation of the project. Such mprovmems mny

fude, but are not ily fimited to, g dikes,
monnonngfemru,mlhngbmns lnddewatenngpumpsmdplpes

d. Provide during construction any additional amounts as are necessary to make its total
contribution equal to 35 percent of total project costs assigned to structural flood control,
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e. Forsolongasﬂleprojectmnunsmthonzed ptleOpercentofcomtoopeute,
maintain, repair, replace, and rehabilitate the completed project or functional portion of the
project prescribed by the Federal Government;

f. GivetheFeduﬂqunmanaﬁglnwemer,nreuombleﬁmesmdhumsomble

manner, upon property that the non-Federal now or hereafter owns or Is for access
to the project for the purposeot‘mspecnon, and, |t‘neceosaryaﬁerfmluretoperfonnl:ytllenr:m~
Federal sponsor, for the purpose of comp g, Op g, 1 T g, or

rehabilitating the project. No completion, operation, mmntenance repur replacement, or
rehabilitation by the Federal Government shall operate to relieve the non-Federal sponsor of
responsibility to meet the non-Federal sponsor’s obligations, or to preclude the Federal
Government from pursuing any other remedy at law or equity to ensure faithful performance;

8 Hold and save the Umted States free from all damages arising from the construction,
! and rehabilitation of the project and any

pro;ect-related bettemxenu, exeept for damages due to the fault or negligence of the United
States or its contractors;

h. Keep, and maintain books, records, documents, and other evidence pertaining to costs
and expenses incurred pursuant to the project in d with the standards for fi |
management systems set forth in the Uniform Administrative Requirements for Grants and
Cooperative Agreements to State and Local Governments at 32 Code of Federal Regulations
(CFR) Section 33.20;

i. Perform, or cause to be performed, any investigations for hazardous substances as nre
determined necessary to identify the existence and extent of any hazard b
under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
42 U.S.C. 9601-9675, that may exist in, on, or under lands, easements, or rights-of- ~way that the
Federal Government detenmneu to be required for the ¢ , Tepair,
replacement, and rehabilitation of the project. However, for lands that the Federal Government
determines to be subject to the navigation servitude, only the Federal Government shall perform
such investigations unless the Federal Government provides the Non-Federal sponsor with prior
specific written direction, in which case the Non-Federal sponsor shall perform such investigations
in accordance with such written direction;

j- Aswmcompleteﬁxmmﬂmponsibdnty,ubetwemderduﬂGovenmtmddm

Non-Federal for all Y p and resp costs of any CERCLA regulated
materials located in, on, or under lands, eesements, or nghts-of -way that the Federal Government
determines to be required for the operati , repair, repl t, or rehabilitation;



k. As between the Federal Government and the non-Federal sponsor, the non-Federal
sponsor shall be considered the operator of the project for the purpose of CERCLA liability. To
the maximum extent practicable, operate, maintain, repair, replace, and rehabilitate the project in a
manner that will not cause liability to arise under CERCLA,

1. Comply with the applicable provisions of the Uniform Relocation Assistance and Real
Property Acquisition Policies Act of 1970, Public Law 91-646, as amended by Title IV of the
Surface Transportation and Uniform Relocation Assistance Act of 1987 (Public Law 100-17), and
the Uniform Regulations contained in 49 CFR Part 24, in acquiring lands, easements, and

rights-of-way required for the operation, mai repair, repl nt, and rehabilitation of
the project, including those y for relocations, borrow materials, and dredged or excavated
material disposal, and inform all affected p of applicable benefits, policies, and p dures

in connection with said act;

m. Comply with all applicable Federal and Commonwealth laws and regulations including,
but not limited to, Section 601 of the Civil Rights Act of 1964, Public Law 88-352 (42 U.S.C.
2000d), and Department of Defense Directive $500.11 issued pursuant thereto, as well as Army
Regulation 600-7, entitled "Nondiscrimination on the Basis of Handicap in Programs and
Activities Assisted or Conducted by the Dep: of the Army”;

n. Provide 35 percent of that portion of total cultural resource preservation, mitigation
and data recovery costs attributable to flood control that are in excess of 1 percent of the total
amount authorized to be appropriated for flood control;

o. Participate in and comply with applicable Federal floodplai and flood

|

insurance programs in accordance with Section 402 of Public Law 99-662, as amended;

p. Within 1 year after the date of signing a project cooperation agreement, prepare 2
floodplai g plan designed to reduce the impact of future flood events in the project
area. The plan shall be prepared in accordance with guidelines developed by the Federal
Government and must be implemented not later than 1 year after completion of construction of
the project;

q. Prescribe and enforce regulations to prevent obstruction of or encroachment on the
project that would reduce the level of protection it affords or that would hinder operation and
maintenance of the project;

1. Not less than once each year, inform affected interests of the extent of the protection
afforded by the project; and

15
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s. P plain i to
mﬁngurdoﬂwrmgulnoqagmdufmdwiuninpmmﬁngmwkeﬁmredevdopmminﬂn
ﬂoodphinandinadopﬁngmdmguhﬁonsumnybemtympmemunwinﬁxmm
dwdopnmmdtoamcompaﬂ)ilhywi:hpr«eeﬁonkvdspmvidedbyﬂwprojea.

6. The dation ined herein reflects the information available at this time and
current departmental policies goveming formulation of individual projects. It does not reflect
program and budgeting priorities inh in the formulation of a national civil works construction
program nor the perspective of higher review levels within the ive branch. Consequently,
ﬂwreoomnaﬂaﬁonmybemdiﬁedheforeki;mnmﬁuedtodnCmmulpmpowﬁor
authorization and implementation funding. However, prior to transmittal to the Congress, the
W,mcw«mm;Wme;mmmwm
dvised of any modificati and will be afforded an opportunity to comment further.

Publicire fioadnlsin inf: ion in the area 1 and provide this inft .
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REPORT OF THE DIVISION ENGINEER

DEPARTMENT OF THE ARMY
SOUTH ATLANTIC DVISION. CORPS OF ENGINEERS
ROOM 322, 77 FORSYTH ST, SW
ATLANTA, GEORGIA 30303-3400

September 30, 1996

NOTICE OF COMPLETION

Peasibility Study and Envir tal A t
Rio Nigua at Salinas
Salinas, Puerto Rico

COMPLETION OF STUDY

Notice is hereby given that the Jacksonville District and the
South Atlantic Division Engineers have completed a final
feasibility study and enviror tal as t for flood damage
reduction along the Rio Nigua near Salinas, Puerto Rico. The
study was prepared under authority provided by resolution of the
Committee on Public Works and Transportation of the United States
House of Representatives dated October 1, 1986. A Finding of No
Significant Impact (FONSI) statement is included in the report.

FINDINGS AND RECOMMENDATIONS

The recommended plan of improvement consists of a 2.96-kilometer
(1.84-mile) levee along the east bank of the Rio Nigua between
Puerto Rico Highway S2 (PR 52) and the mouth of the river,
erosion protection at the east abutment of the PR 52" bridge, a
new bridge and ramp at Puerto Rico Highway 1 (PR 1), and a levee
segment to protect the intersection of PR 1 and PR 52. The plan
also includes a 3.98-kilometer (2.47-mile) levee to provide flood
protection to the Coco community.

Based on August 1996 prices, estimated first cost of the plan is
$12,713,600, of which $6,836,200 would be Federal while
$5,877,400 would be non-Federal. Average annual benefits and
costs based on an interest rate of 7 5/8 percent are estimated at
$3,046,800 and $1,071,700 respectively with resulting benefit-
cost ratio of 2.8.

The recommendations contained herein reflect the information
available at this time and current policies governing formulation
of individual projects. They do not reflect program and
budgeting priorities inherent in the formulation of a national
civil works construction program nor the perspective of higher
review levels within the Executive Branch. Consequently, the
recommendations may be modified before they are transmitted to
the Congress as proposals for authorization and/or implementation
of funding.
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COORDINATION

The report has been coordinated with concerned local interests;
the Commonwealth of Puerto Rico including the Puerto Rico State
Historic Preservation Officer, Puerto Rico Department of Natural
and Environmental Resources, and the Puerto Rico Planning Board;
and Federal agencies including the U.S. Geological Survey, the
Environmental Protection Agency, and the U.S. Fish and Wildlife
Service. The Final Coordination Act Report from the Fish and
Wildlife Service has been received.

The Puerto Rico Department of Natural and Environmental Resources
is the project sponsor and by letter dated August 19, 1996
expresgsed support for the conclusions and recommendations of the
reports and their intent to secure funding for project
implementation.

PUBLIC INVOLVEMENT
The draft feasibility report and environmental assessment were
circulated for the 45-day public review period which ended July

31, 1996. C« ts and responses are included in the final
report.

REVIEW AND AUTHORIZATION PROCESS

Prior to adoption of the proposed project, the study evaluations
and report findings will be reviewed by the Chief of Engineers
and the Assistant Secretary of the Army for Civil Works. A
coordinated review, including affected states and other Federal
agencies, will also be accomplished at that time. The Chief of
Engineers will review the report and forward a recommendation to
the Secretary of the Army.

If the recommendation of the Chief of Engineers is significantly
different from the recommendation coordinated with state and
Federal Agencies, interested parties will be afforded an
opportunity to comment further prior to submission of the Chief's
report to the Secretary. The Assistant Secretary of the Army, in
consultation with the Office of Management and Budget, then
establishes the Administration position on whether the proposal
should be recommended to Congress for authorization.

VIEWS OF INTERESTED PARTIES

Interested parties may present written views on the reports to
the Chief of Engineers and the Secretary of the Army through the
Directorate of Civil Works. Such communications should be mailed
to the Directorate of Civil Works, Policy Review and Analysis
Division, Policy Review Branch, ATTIN: CECW~-AR, 7701 Telegraph
Road, Alexandria, Virginia 22315-3861, in time to reach the
Policy Review Branch within 30 days from the date of this notice.
Copies of information received by mail will be regarded as public
information unless' the correspondent requests otherwise. Such a
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fequest will limit the usefulness of the information because of
the need for full public disclosure of all factors relevant to
the decision on project approval.

FINAL ACTION BY THE CHIEF OF ENGINEERS

The Chief of Engineers will not submit a recommendation to the
Secretary on the report until after the expiration of this notice
or any extension thereof that may be granted, and full
consideration of all information submitted in response thereto.

REPORT INFORMATION

Further information concerning the study and report may be
obtained from the District Engineer, Jacksonville, Florida, or
the Deputy District Engineer for the Antilles in San Juan, Puerto
Rico. Requests for additional copies of the report should be
addressed to the District Engineer, U.S. Army Engineer District
Jacksonville, P.O. Box 4970, Jacksonville, Florida 32232-0019, or
the Deputy District Engineer for the Antilles, Antilles Office,
San Juan Area Office, 400 Fernandez Juncos Avenue, San Juan,
Puerto Rico 00901. The report may be reviewed by interested
parties at the above office. Interested parties may purchase
copies of the report at the cost of reproduction ($40.00).
Requests should be made to the offices addressed above. Checks
or money orders should be made payable to the Finance and
Accounting Officer, U.S. Army Engineer District, Jacksonville, or
the Deputy District Engineer for the Antilles.

Additional copies of the report will also be on file and
available for public review at the Department of Natural and
Environmental Resources central offices in San Juan, Puerto Rico,
and the City Hall of the Municipality of Salinas, Puerto Rico.

Please pass along a copy of this public notice to anyone who may
be interested in the report and who has not received a copy.

X%

R. L. VanAntwerp
Brigadier General, W/.S. Army
pPivision Engineer
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ADDENDUM January 1997
DICLOSURE 1
ECOMCMICS OF THE RECOMMENDED
{$1,000 of October 1996)
Itemized Features Town and Coco Total
Playa Project
Total First Cost $ 9,948.0 $2,854.0 $12,802.0
Interest During Construction 394.3 137.3 531.6
Total Investment Cost $10,342.3 $2,991.3 $13,333.6
Interest & Amortization $_785.1 § 221.0 $1,012.1
Annual O&M Costs 45.5 20.5 66.0
TOTAL AMNGAL COST ] 830.6 $ 247.8 $1,078.1
Annualized Benefits
Inundation Reduction 1,143.2 1,667.9 2,811.1
Agricultural 113.3 0.0 113.3
Empl 37.4 13.1 50.5
Flood Insurance 8.2 0.0 8.2
Advance Bridge Replacement 62.7 0.0 62.7
TOTAL A'lll- BEMEYITS $ 1,364.8 $1,681.0 $ 3,045.8
MET NED BEMEFITS $ 534.2 $1,433.5 $ 1,967.7
BEMEFIT TO COST RATIO 1.6/1 6.8/1 2.8/1
‘Benefits and Costs Amortized at 7.375%
‘Period of Anal_y:is = 50 years
FECOMMENDED PLAN
COST SHARING OF TOTAL FIRST COST
{$1,000 of October 1996)
DESCRIPTION TOTAL FEDERAL NON-FEDERAL
FLOOD CONTROL ITEMS
Levees and Channels $ 7,560 $7,560 $ 0.0
Relocations, Roads, Bridges,
Utilities, and Structures 2,624 0 2,624
Lands and Damages 2,618 0 2,618
TOTAL FLOOD CONTROL COST $12,802 $ 7,560 $ 5,242
5% Non-Federal Contribution -640.1 +640.1
SUBTOTAL 6,919.9 5,882.1
25% Minimum Contribution $ 3,200.5
50% Maximum Contribution 6,401.0
Contribution Adjustment
(not to exceed 50% maximum) 0 0
SUBTOTAL 6,919.9 5,882.1
Ability to pay adjustment 0
SUBTOTAL 6,919.9 5,882.1
TOTAL FIRST COST 6,919.9 5,882.1
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RIO NIGUA AT SALIMAS FPEASIBILITY REPORT
12490

SYLLABUS

The Rio Nigua at Salinas feasibility study was conducted under the
authority of a Resolution by the Committee of Public Works and Transportation
of the U.S. House of Representatives dated October 1, 1986. A detailed study
for the Rfo Nigua was initiated in March 1992. The study focused on the
formulation and evaluation of flood control plans to solve the serious flooding
problems resulting from the overflow of Rio Nigua in the vicinity of the town
of Salinas, Puerto Rico. This was a cost-shared study effort with the Puerto
Rico Department of Natural and Environmental Resources (DNER) serving as the
local sponsor. This report is the final response to study authority.

The Rio Nigua basin is located in the south-central region, about 33
kilometers east of the city of Ponce, the second largest and most important
city of Puerto Rice. It comprises the municipalities of Salinas, Guayama, and
Cayey. The basin has about 142 square kilometers of flat to mountainous
terrain. Heavy rainfall combined with steep slopes of the upper basin can
produ high di in a relatively short period of time. Flooding in the
study area affects over 3,000 families and numercus public buildings and
facilities. Total expected annual damages associated with floods in the study
area are estimated at $2.88 million.

The recommended plan of improvements for the Rio Nigua south from PR
Highway 52 consists of a 2.96 kilometers levee along the east bank of the river
- extending from the highway down to end east from the mouth of the river in the
coastal area. The plan includes protection measures against erosion for the
east abutment of the highway bridge, a new bridge and ramp at PR Highway 1, and
a levee segment to protect the intersection between highways 52 and 1. Proposed
levee project is expected to contain the one percent chance exceedence
frequency flood (100-year) with a 99.7 percent probability. The structure
would have a 0.01 percent chance of heing overtopped in any given year. The
recommended plan also includes a 3.98 kilometers levee to provide flood
protection to the Coco community, upstream PR Highway 52. This levee project
is expected to contain the one percent ch d freq y flood with a
91.1 percent probability. The structure would have a 0.33 percent chance of
being overtopped in any given year.

Total project cost of the components of the recommended plan for the Rio
Nigua de Salinas study area is $12,713,600, while annual cost including
interest during construction and O&M is $1,071,700. Implementation of the plan
will result in National Economic Development (NED) annual benefits of
$3,046,800 and a benefit-to-cost ratio of 2.8/1.0. The recommended plan is the
NED plan. Pertinent economic data for the recommended plan is based on August
1996 price level and interest rate of *7.625 percent. Under the current cost-
sharing policy, the Federal Government cost would be $6,836,200 while the local
sponsor’s share would amount to $5,877,400.

10
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MAIN REPORT
LIST OF APPENDICES
HYDROLOGY AND HYDRAULICS
GEOTECHNICAL STUDIES
DESIGN AND COST ESTIMATES
COORDINATION
REAL ESTATE ANALYSIS

ECONOMIC ANALYSIS
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GENERAL INVESTIGATION SEPTEMBER 1896
FLOOD CONTROL L i

RIO NIGUA AT SALINAS

PUERTO RICO

FINAL FEASIBILITY REPORT AND
ENVIRONMENTAL ASSESSMENT

US Army Corps
of Enginoars
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RIO NIGUA AT SALINAS FEASIBILITY REPORT
12490

MAIN REPORT
CONVERSION FACTOR TABLE
LENGTH
1 kilometer = 0.6214 mile
1 meter = 3.2808 feat
1 centimeter = 0.3937 inch
1 millimeter = 0.03937 inch
" AREA
"1 square kilometer = 0.3861 square mile

1 square kilometer = 247.1054 acres
1 hectare = 2.4711 acres

1 square meter = 1.1960 square yards
1 square meter = 10.76 sguare feet

VOLUME

1 cubic meter = 1.3080 cubic yards
.1 cubic meter = 35.3147 cubic feet
VELOCITY

1 meter per second = 3.2808 feet per second

FLOW RATE

1 cubic meter per second » 35.3147 cubic feet per second

1 cubic meter per second « 22.8241 million gallons per day (mgd)

1 liter per second = 0.0353 cubic feet per second
WEIGHT

1 metric ton = 2204.622 1lbs.
1 metric ton = 1.1023 short tons

13
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ABBREVIATIONS AND ACRONYMS

Automated Local Evaluation in Real Time
Puerto Rico Department of Natural and Environmental Resources

y Flood Prog:
Envi 1 Pr ion
Puerto Rico Environmental Quality Board
Federal gency Agency

Federal Insurance Administration

Flood Insurance Rate Map

Flood Insurance Study

United States Fish and Wildlife Service
Island Wide Water Supply Implementation Plan
Island Wide Water Supply Study

National Economic Development

National Flood Insurance Program

Puerto Rico Aqueduct and Sewers Authority
Puerto Rico Planning Board

State Historic Preservation Office

United States Geological Survey
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RIO NIGUA AT SALINAS FEASIBILITY REPORT
12490

MAIN REPORT

I. INTRODUCTION

This report presents the results of investigations into flooding and
related problems resulting from overflows of Rio Nigua at the town of Salinas,
Puerto Rico. The study was requested by the Puerto Rico Resident Commissioner
in Washington in letter dated June 19, 1985, and it was authorized in October
1986. The Reconnaissance Report was initiated in March 1989 and completed in
. March 1990. Funds to initiate feasibility study were received in March 1992. A
draft feasibility report was completed in February 1996. The Feasibility
Review Conference was held on April 1996. This was a cost-shared study effort
with the Puerto Ricc Department of Natural and Environmental Resources (DNER)
serving as the local sponsor.

II. AUTHORITY AND PURPOSE

The Rio Nigua at Salinas feasibility study was conducted under the
authority of a Resolution by the Committee of Public Works and Transportation
of the U.S. House of Representatives dated Octcober 1, 1986, which reads as
follows:

Resolved by the Committee on Public Works and Transportation
of the United States House of Representatives, that, in
accordance with Section 204 of the River and Harbor Act of
1970 (Public Law 91-611), the Secretary of the Army, acting
through the Chief of Engineers, is hereby requested to make a
survey of the Rfo Nigua at Salinas, Puerto Rico, and such
tributary streams as may be necessary, to determine the
advisability of providing improvements for flood control,
water supply and allied purposes.

The purpose of the feasibility study was to evaluate flooding problems
along Rio Nigua at the town of Salinas to include a sector (subdivision) south
of the town known as Playa de Salinas and Coco community (about 4 kilometers
upstream} . Also, to determine the economic, engineering, and environmental
feasibility of implementing urban flood damages reduction measures.

This report addresses flood related issues and presents a recommended plan
to reduce the area‘s serious flooding problem maximizing net benefits.

This report is the final response to study authority.

19
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III. SCOPE
A. Study Area

The Rio Nigua watershed is located in the south-central region of
Puerto Rico (Figure 1). It covers an area of about 142 square kilometers and
includes portions of the municipalities of Salinas, Guayama, and Cayey. Study
efforts were concentrated in analyzing flooding problems in the developed. areas
within the town of Salinas, to include the Playa de Salinas and Coco community
sectors located about 4 kilometers north (Figure 2). For purpose of analysis
and discussion, the detailed study area is divided into separate areas. These
are: the town of Salinas to include Playa de Salinas and the Coco community
areas.

B. Study Participants and Coordination

Coordination of this report was accomplished through numerous formal
and informal meetings with various 1th and Federal agencies,
municipality officials, various interested groups, and the residents of the
flood plain. Table 1 shows the participating government agencies. The study
was thoroughly coordinated with the DNER, which is the local sponsor.

The meetings held with representatives from the various government
agencies were aimed at the collection of data necessary for the study and at
the assessment and evaluation of the various flood control alternatives
considered. A major objective of the coordination effort is to involve the
local governments and citizen representatives as equal partners in the study

process.

As part of the study process, several technical review conferences
were held between District, Division and washington level review personnel to
discuss and evaluate study findings, plan formulation and risk analysis. The
purpose of a Technical Review Conference (TRC)is to review and concur in the
without project comndition, the alternative being evaluated, and the methodology
being used in the evaluation; and to provide guidance and assistance as needed
to complete the report. This report incorporates recommendations and guidance
provided by TRC members.

C. Organization of the Report

The results of the study are presented in a Main Report, an
Environmental Assessment (EA), and six appendices. The Main Report includes a
description of the basin, an analysis of the study area's flooding problems,
plan formulation and evaluation process, and the conclusions and
recommendations of the study. The EA includes a description and analysis of
the study area's environmental resources as well as the evaluation of the
potential effects the alternative plans of action considered would have on
these resources and the rest of the sarea‘'s human environment. Throughout the
document, reference is made to inputs and comments from other federal resources
agencies, particularly the U.s. Fish and Wildlife Service (FWS) and the
Environmental Protection Agency (EPA). The appendices provide the supporting

20
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TABLE 1

PARTICIPATING GOVERMMENT AGENCIES

Eedexal

Dept. of the Interior
U.S. Geological Survey
U.S. Fish & Wildlife Service
National Park Service

Dept. of Transportation
Federal Highway Administration

Environmental Protection Agency
Dept. of Housing & Urban Development

Dept. of Agriculture
Natural Resources Conservation Service

Dept. of Commerce
National Weather Service
Office of Coastal Zone Management
National Marine Fisheries Service

Federal Emergency Management Agency

Commonwealth

Dept. of 1l and 1
Resources (DMER) {(Local Sponsor)

Office of the Governor
Planning Board
Environmental Quality Board
Legislature of Puerto Rico
House of Representatives
Senate
Office of the Resident Commissioner
Regulations and Permits Administration
Civil Defense
Dept. of Transportation and Public Works
Highway Authority
Historic Preservation Office
Dept. of Agriculture
Office of the Budget
Dept. of Sports and Recreation
Dept. of Housing
Dept. of Social Services
Dept. of Education
Police Dept.
Aqueducts and Sewers Authority
Electric Power Authority
Municipality of Salinas
Office of the Mayor

Dept. of Public Works
Civil Defense
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data and detailed investigations conducted as part of the study. These
include: Appendix A, Hydrology and Hydraulics; Appendix B, G hnical
Studies; Appendix C, Design and Cost Estimates; Appendix D, Coordination;
Appendix E, Real Estate Analysis; and Appendix F, Economic Analysis.

IV. DESCRIPTION OF THE RIO NIGUA BASIN
A. Physiography

1. The xiver basin. The Rio Nigua basin is located in the south-
central coast of Puerto Rico about 33 kilometers east of the city of Ponce. It
comprises the municipalities of Salinas, Guayama, and Cayey. The basin has
about 142 square kilometers of flat to mountainous terrain. Principal
tributaries are the Ric Majada, with a drainage area of 57.5 square kilometers,
and the Rio Lapa, with an area of 31.3 square kilometers. The head waters of
Rio Nigua originate in the southern slopes of the Cordillera Central mountain
range, near the town of Cayey, at an elevation of about 860 meters {NGVD) . The
river flows about 29 kilometers toward the southwest, passing west of the town
of Salinas, to discharge into the Caribbean Sea. High mountains of volcanic
origin are common in the northern and northeast part of the basin. The
topography of the southern portion is characterized by gentle sloping hills and
a coastal plain. The coastal plain was separated from the rest of the basin by
the construction of the PR Highway 52 which crosses the flood plain from east
to west. PR Highway 52 is the main land connection between the cities of San
Juan and Ponce (the largest in the island). The basin is bounded on the north
by the Rio de la Plata basin, on the east by the Rio Guamani and Rio Seco
pasins, and on the west by Rioc Jueyes.

2. Haterworks. There are no major waterworks in the basin. There
are a few small diversion structures and irrigation ch ls for ic and
agricultural use within the basin. Most of the existing water demand is served
from ground water sources. At present, all the water for domestic use is
provided by the Puerto Rico Aqueducts and Sewers Authority (PRASA} through ten
shallow welles producing a total of 2.87 MGD. In accordance with PRASA
estimates, existing sources in the region should provide for projected increase
in water demand.

3. Climate. The island of Puerto Rico possesses a tropical marine
climate. Warm temperatures with little variations, steady ocean breezes, and
abundant rainfall in the north region result from a constant high level of
solar radiation, the presence of trade winds from the northeast, and the
mountainous topography of the island. The south region is basically warm and
dry throughout the year. Mean annual temperature within the Rio Nigua basin
ranges from about 25 degrees Centigrade during the winter to 28 degrees during
summer. Mean annual precipitation within the basin varies from 196 centimeters
in the upland to 112 centimeters in the coastal plain. Hurricanes and tropical
storms can produce very heavy rainfall late in summer and in fall. Cold fronts
may also create heavy rainfall during winter and early in spring.
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4. Soils. In accordance with the U.S. Soil Conservation Service,
the principal soil types found in the basin are: Descalabrado-Rock land
complex, Caguabo clay loam, J&cana clay, Guamani silty clay loam, and Cobbly
alluvial land. The Descalabrado-Rock land complex and the Caguabo clay loam
are found on very steep side slopes and ridge tops of the semiarid volcanic
uplands. These soils are well drained and shallow. The J&cana soil is well
drained and moderately deep. This soil is found on gently sloping and sloping
foot slopes as well as on low rolling hills on the semiarid area. All of the
above soils are underlaid by impervious layers with a high runoff potential.
The Cobby alluvial land and the Guaman{ soils are found along streams, rivers,
and in the river flood plain. These soils have a moderately low runoff
potential.

B. Socioceconomic Profile

The Municipality of Salinas was officially established in 1851. It
covers an area of about 179 square kilometers. It is bounded in the north by
the municipalities of Cayey, Coamo, and Aibonito; Guayama to the east; Santa
Isabel to the west; and the Caribbean Sea to the south. It is territorially
subdivided in six “barrios” or wards. The principal urban clusters within the
Ric Nigua flood prone area are the town of Salinas, the sector Playa de
Salinas, and the Coco commnity. Playa de Salinas is basically an extension of
the town towards the coastal area with a very active economic activity. All
these urban areas are located on the east bank of the Rio Nigua. Camp
Santiago, a military installation wused for training and a US Navy
commnications facility, is also within the flood prone area. However, Camp
Santiago is located on the west riverbank.

Under existing government urban development regulations, the town of
Salinas and communities in the vicinity are located within the floodway zone of
Rioc Nigua. Many commercial buildings and the public hospital are within the
flood prone area. This flooding condition imposes a strong development
restriction and associated high unemployment rate. The municipality is
connected to the island‘s primary highway system through PR Highways 1, 3, and
52. There are several second and third order highways and municipal roads
linking all the “barrios” and rural commmities within each other and with the
neighboring municipalities.

1. Population. According to -the 1990 US Census of Population and
Housing, total population for the Municipality of Salinas was 28,335, a 7
percent increase from 1980. Urban population represents 47 percent of the
municipality’s total population. Most of the total population live within the
flood prone area. The Playa de Salinas sub-division is influenced by a
floating tourist population during weekends attracted by beach and boating
related activities. A second source of fluctuating population is the Camp
Santiago training facilities. A typical training activity could temporary
increase population within the flood prone area on about 4,800 persons. In
1994, about 480,000 persons were houséd in these training facilities. Another
source of transient population within the municipality is the Albergue
Olimpico, a government-owned (operated by a non-profit organization) sports
training facility that can house up to 430 persons training for international
sports events. The facilities within the Albergue also includes a junior high
and high school (boarding school) for sports-talented students. The school
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facilities can accommodate up to 300 students and 60 technical and
administrative personnel. These sport-related facilities are used and/or
vigited by about 1 million persons each year.

2. Economic base. The economic structure of the municipality is
based on activities associated with the agriculture, manufacturing, government,
tourism, and services activities. The Puerto Rico Department of Labor
estimated the civilian labor force at 29,500 persons in November 1995 for the
Salinas, Guayama, and Patillas Labor Market Area. The predominant employment-

generating sectors for the area are gov ' turing, agriculture, and
a growing services, ce, and i -finance sector. Table 2 shows the
distribution of employed people by principal ional category for the

study area as of November 1995. About 39 percent are government employees,
while about 22 percent hold agricultural and related occupations. Manufacturing
comprises the third employment source in the Salinas labor area.

TABLE 2
DISTRIBUTION OF EMPLOYED PROPLE BY MAJOR EKCONOMIC SECTOR
AS OF JUNE 1995
(Salinas, Guayama, and Patillas Labor Area)

Total Labor Force 29,500
Employed 23,000
Unemployed 6,500
Unemployed Rate ' 21.9%
Distribution:
Manufacturing 3,800
Nonmanufacturing 14,200
Construction 320
Transportation, Communications, etc. 150
Trade 2,900
Finance 280
Services 1,620
Government 8,900
Agriculture and Related 5,000
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C. Land Use

The vegetation cover of the uplands is generally good. The land use
in the uplands is primarily forest, while in the lowlands or flood prone area
is covered with grasses and intermittently spaced trees. Agriculture accounts
for 52 percent of the basin land use, while 44 percent is under forest cover.
Urban development is limited to about 4 percent. Forest cover ranges from fine
woody growth to solid crown cover.

D. Natural Resources

1. Hater resources. Surface water supply sources in the region of
Salinas are limited. This area is designated as sub-tropical dry with a low
annual rainfall. Rivers in the region have periods of very low or no flow in
the coastal area. As a result, a sand berm usually blocks the river mouth
" during months of little rainfall. This berm is bridged during the first large
flood of the season. Estuarine and riverine mangoves, salt flats and seasonal
salt marshes are commcn in these systems. The quality of the surface and
ground water is suitable for most uses. Rio Nigua has a low base flow and in
the lower reaches is intermittent because most of the flow in the upper basin
is diverted for irrigation. According to the U. S. Geological Survey (USGS),
the mean annual flow of Rio Nigua (upper basin) is about 0.39 cms. Seasonal
fluctuations can reduce the flow as low as 0.13 cms. Most of the water supply
comes from adequate groundwater sources. Ground water is of good chemical
quality. No evidence of salt water intrusion has been detected.

2. Environmental resources. Identification of significant
environmental resources in the detailed study area was made by U.S. Army
Waterways Experiment Station surveys, in coordination with the Commonwealth
Department of 1 ces, 1 Heritage Program and the Boquerén
Field Office, U.S. Fish and Wildlife Service. Significant cover types include
limited riverine and estuarine wetlands. No thre: d or d plant and
animal species or Commonwealth species of special concern were identified.
Most lands outside the town and Coco community are in pasture or open
grassland. Because they have been highly altered by centuries of agriculture
and human disturbance, they do not provide significant habitat. Fires are
frequent in this arid environment, limiting development of woody cover. Birds
and lizards, belonging to widespread, human tolerant species, are the most
visible components of the fauna. Riverine wetlands development has been
restricted by the arid climate to the immediate Rfo Nigua channel only, and is
dominated by sedges and shrubs that tolerate widely fluctuating water levels.
At the level of Coco ity the ch 1l is barren of vegetation and is
virtually dry for many months each year. Most of the land-use along the east
bank, downstream from Highway 52, is residential. In the town of Salinas there
is a low-crest concrete levee on the east bank about 300 meters long. This
structure provides bank stability in the vicinity of the town but does not
allow plant cover to develop. Near the river mouth below Highway 1 a mangrove
wetland has developed along the river bank and on the first terrace of the
river. Tidal influence penetrates upstream almost to the southern town limits.
The mangroves are limited to a line of red mangroves along the banks and a
basin forest dominated by black and white mangroves on the lower delta (refer
to the Coordination Act Report of FWS, reproduced in the Environmental
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Asgessment for a map). This area is Puerto Rico Coastal Barrier Segment PR-47.
Additional estuarine wetlands (salt flats covered by low grasses and succulent
herbs) extend to the east, towaxrds Playa de Salinas.

The most noticeable wildlife elements are wading birds that use
the delta wetlands. R{o Nigua provides foraging habitat for herons, egrets and
migratory shorebirds. The dominated y also shelters juvenile
fish and exports organic utter to offshore ities. The grove area at
the mouth of the river is used for bank fishing, crab harvesting, and
picnicking. However, productivity of this habitat is limited by scarce flow
during the dry season. Continual grazing of the vegetation within the channel
bank by domestic animals limits ion devel

3. Miperal resources. Sand and gravel deposits have been exploited
on a big scale along the Rfo Nigua basin. Two active quarries have provided
millions of metric toms of excellent river sand and gravel for the construction
industry. The mmicipal government periodically an ined
-of sand from the large sand bar located at the mouth of the river. In
accordance to DNRR, there are two private companies with a total authorized
annual gravel mining volume of 130,000 cubic meters along the Rfo Nigua natural
channel currently under operation.

E. Cultural Resources

The area within the Municipality of Salinas has been occupied by
aboriginal groups since the Archaic period (325 B.C.). During the contact
period (late fifteenth century), the area was associated with the Taino chief,
Cacique Abey. In 1776 the area of Salinas was occupied by about 100 people and
was part of the parish of the Municipality of Coamo. Salinas remained a
“barrio” (ward) of Coamo until 1847 when it became a territory of Guayama. The
town was officially founded in 1851. In 1902, the Legislative Assembly of
Puerto Rico app d the ion of Salinas as an independent municipio from
Guayama. In 1878, 3,106 perscns inhabited the town of Salinas.

The earliest Spanish economic activities inm Puerto Rico were related
to the exploitation of gold and silver. However, during the sixteenth century,
this was replaced by the sugar industry. The emphasis on sugar became so
intensive that by the end of the nineteenth century sugar milling experienced a
major technological shift to steam power, and large agro-business complexes
(haciendas or estancias) were established. Some haciendas even issued coinage
to their workers to purchase items at their own stores. Within the region of
Salinas, the major economic activities consisted of livestock production, three
sugarcane-producing haciendas, and three coffee-production estancias. Central
Aguirre, a sugar-producing mill, was founded in 1900. The mill was closed in
1990, causing severe unemployment in the region.

Although earlier systems probably existed, an extensive irrigation
system was present in the municipio By the mid-nineteenth century. Plans of
the system from 1860 show two canals from the Rfo Majada and Rfo Lapa. In 1865
the two canals were combined into one system which irrigated the sugarcane
fields throughout the Salinas valldy. The irrigation system in the region
continued to be expanded to facilitate sugarcane production. Due to frequent
droughts, the sugarcane industry induced the insular government to construct an
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irrigation system from Ponce to Guayama. The Central Aguirre Sugar Company was
the major force in lobbying for comstruction of the canal system. This system
was constructed at a cost of $4 million between 1910 and 1914.

The population of Salinas continued to grow throughout the first half
of this century. In 1899 the population was 5,731. By 1950 it had grown over
300 percent to 23,432. In 1990, the population of Salinas was recorded at
28,335 individuals.

V. PROBLEMS, NEEDS, AND OPPORTUNITIES
A. Flooding

1. River flooding. The Rio Nigua basin is subject to relatively
high intensity precipitation of short duration, which combined with the steep
upper slopes of the river, produces a very short time of concentration. Severe
flooding in the basin is generally associated with the passage of hurricanes,
tropical storms, tropical depressions, tropical waves, and stationary fronts
through or near the island.

The town of Salinas, located in the lower valley, and the Coco
commmnity, located within the mid valley, have experienced frequent serious
flooding. Flooding problems in these urbanized areas are mostly related to
overflows from Ric Nigua.

Some 3,022 families in the detailed study area would be affected by
the 100-year flood event. In addition, 250 commercial structures; dozens of
public buildings (particularly schools); roads, power, water, sewer, and
communications utilities; and of ind ial and commercial
establishments will experience considerable flooding.

2. Stomm tide flooding. The FEMA Flood Insurance Map for the study
area depicts the sector of Playa de Salinas as being subject to floods produced
by hurricane tides. A 1 percent chance exceedance storm event (100-year) is
associated with a tide of 2.19 meters (NGVD). For an urban area with a ground
elevation that varies between 1.4 to 1.9 meters a storm of this magnitude would
have a significant impact on the entire area. However, damages from storm
tides are associated with events less frequent than the two percent chance

exceedance probability (S0-year). P d annual d for Playa de Salinas
associated with the storm tide flooding developed by FEMA is estimated at about
$17,000. This estimate was developed using stage-damage relationships

developed for riverine flooding and includes potential impacts to residential,
commercial, public, and non-profit facilities. Historical records of damages
due to storm tides are not available. However, although several hurricanes have
passed through the island of Puerto Rico during this century, only some lower
areas along the coastal line have been occasionally affected by storm tides. A
detailed hurricane evacuation plan for the south coast of Puerto Rico was
prepared and published by FEMA and the U.S. Army Corps of Engineers in July
1993. The plan coordinates local and Federal agencies efforts prior to major
flooding events. The study effort herein documented did not address
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alternatives to protect Playa de Salinas from storm tide flooding. However,
the plan formulation process avoided negative impacts to current storm tide
flooding conditions.

3. Historical floods. Historical floods in the Rio Nigua basin have
significantly affected the urban areas of the detailed study area. Since the
turn of the century there have been seven major floods. In January 5-6, 1992,
thunderstorms associated with a quasi-stationary cold front northwest of Puerto
Rico, and an extensive area of low pressure at the surface and aloft, resulted
in substantial amount of rain over the island. Rainfall amounts over the
interior and south portions of the island were in the 20 to 30 centimeters
range with up to 50.8 centimeters reported at several locations. This intense
rainfall resulted in severe flash floods and river flooding across Puerto Rico
except the northwest portion. The flooding resulted in 23 fatalities, 2 of
which were in the Coco community within the Rio Nigua basin. Several of the
deaths occurred when residents drove past police and civil defense barricades
in an attempt to return home for Three Kings Eve, Puerto Rico’s most celebrated
holiday. Total damage throughout the island was placed at $88 million. Most
of the damage was to bridges and roads. Detailed information on this event was
published by the NOAA, Natural Disaster Survey Report. Puerto Rico Flash
Floods, January 5-6 1992.

The most severe in the modern history of the Rfo Nigua basin occurred
during the period of October 5-10, 1970. The depth of water throughout most of
the town was about 1 meter above ground. This flood was ocutstanding because of
its duration and multiple peaks. It was caused by a slow-moving and sometimes
stationary tropical depression. The storm struck in the form of prolonged
rains over a 6-day period. Extensive damage occurred in the eastern two-thirds
of the island. The zone, including some 51 municipalities, was declared a
disaster area by the U.S. President. At least 16 lives were lost. Thousands of
homes were d d or d yed and about 12,000 people were evacuated to
shelters. Damage to bridges, highways, public str ., and farmlands was
reported to be about $65 million. The PR Highway 1 between Ponce, Salinas, and
Guayama was closed for nearly three weeks. This flood event is documented in
The Floods in the Salinas Area, Atlas HA-447, U.S. Geological Survey, published
in 1971.

At least four major storms have inundated the town of Salinas and its
vicinity previous to the 1970 event. The worst known flood occurred in
September 1928 associated with Hurricane San Felipe. The extent of the flood
prone area associated with this event is depicted in Figure 3. Other floods
struck in September 1933, August 1956, October 1970, and September 1975
(Hurricane Eloisa).

4. Historical damages. The Municipal Civil Defense provided limited
data for the most recent floods occurring during May 24, 1992, January 5, 1992,
and September 18, 1989. The Civil Defense is not responsible for collecting
damage data or keeping records of historical damages but of providing emergency
relief services to the victims of flooding. Damage to the agriculture,
industries, and structural d g to resid , municipal buildings,
commercial outlets were not reported. A review of the discharges associated
with the January 5, 1992, flood shows that this flood had an estimated
recurrence interval of about 5 years. Historical damage estimates for the
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January 5 1992, flood shown on Table 3 totaled about $8.7 million in 1992 price
levels. Damages reported are mostly for the urban areas of Coco, town of
Salinas, and Playa sectors. However, the amounts reported are for the entire
municipality and do not represent the total actual damages that occurred during
the January 5, 1992, flood. The amounts shown constitute the only data
available at the Municipal Civil Defense Office. Two deaths were reported in
the Coco community during the January 5, 1992, flood.

TABLE 3

HISTORICAL or

Municipal Government
Roads $16,000 $48,000 NR
Bridges 50,000 S0, 000 NR
Debris 21,000 69,000 NR
Parks NR 90,000 125,000
Buildings 4,000 20,000 20,000
Equipment . RR 8,000 2,000
Other 1,000 NR NR
Utilities 20,000 150,000 200,000
Residential
Families in Shelter 3 18 304
Houses affected 32 697 757
Contents $15,000 48,400,000 $4,435,000
Vehicles . NR $375,000 NR
Commercial Contents NR $450,000 NR
TOTAL DAMAGES REPORTED $127,000 $9,660,000 44,782,000

S. . The floodable areas for existing conditions in
the detailed study area are shown on Plate 1. Table 4 summarizes the number of
structures subject to flooding in the detailed study area. Appendix F,
Economic Analysis, provides a detailed description of affected property.

TRBLE 4

PROPERTY SUBJECT TO FLOODING

|\ LAND USE

Residential

€80
Commercial 34
Public and Nonprofit 10
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The town of Salinas, sector Playa de Salinas, and the Coco community
urban areas are affected by overflow of the Rfo Nigua. The 100-year flood
event would inundate about 625 acres of urbanized areas (only 50 acres of this
total are located on the west bank), 32 acres of undeveloped urban land, 248
acres of agricultural land, and about S0 kilometers of streets and highways.
Most of the urban areas affected are residential, commercial, and public
facilities. A total of 3,022 residential structures are located within the
flood prone area. About 250 commercial establishments and some 76 public and
nonprofit facilities are within the flood prone area. Under existing
government regulations, all the urban area, to include the area with a logical
potential for development, is under very restraining conditions due toc the
current flooding classification. The entire town of Salinas and the sector
Playa de Salinas are within the river’s floodway zone. In addition, utilities
worth $1,200,000 and an entire industrial park comprising 16 buildings are also
affected by flooding.

6. Potential flocod damage. Risk and uncertainty analysis was
incorporated to study process for sizing and reliability of recommended levee
structures for the town of Salinas and Playa de Salinas, and for the levee at
Coco community. Errors and uncertainties are intrinsic to flood control
project. Measurement errors and complex physical, social, and economic
parameters are main sources of inaccuracy. A risk-based analysis is designed
to assist in the plan formulation process by accounting for errors in flood
damages estimates by developing a probability distribution for the expected
annual flood damages and for the benefits (damages reduced) associated with an
existing or proposed project. One of the end results of this process is to
identify the levee size (structure’s basic crest elevation) that will maximize
net benefits. In accordance with this analysis, the P d annual 4 for
the existing conditions within the town of Salinas to include Playa de Salinas
is $1,152,400. The risk-based analysis, south from PR Highway 52, was
concentrated on the town and Playa de Salinas located along the east bank of
the Rio Nigua. On the west bank, along PR Highway 1, there are several small
clusters of residential and commercial land uses. This includes a community
known as Las Ochenta. Flooding on the west bank has an impact on some 78
residential structures, 23 commercial and 2 public facilities. Expected annual
damage along the west bank of the Rfo Nigua is estimated at $29,000. For the
Cogo ity the exp d annual damage is $1,700,400. Within the Rio Nigua
flood plain most of the damage is sustained by residential developments. A
detailed description of risk-based analysis study efforts is included in
Section IX.C.

7. Elood warning system. The P.R. National Civil Defense currently
operates the Automated Local Evaluation in Real Time (ALERT), a flash flood
warning system installed in 18 of the largest watersheds in Puerto Rico. ALERT
consists of a network of rain gages together with stage-discharge sensors
throughout the island providing real time rainfall-runoff data. This data is
transmitted by a satellite telemetry system which allows monitoring the
behavior of selected streams with data updates every five minutes. ALERT is
jointly operated by the Civil Defense, the U.S. National Weather Service, and
the U.S. Geological Survey (USGS) Water Resources Division.
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In addition to the ALERT system, there are parallel (back-up) systems
operated by USGS and by the DNER that cover areas not included in the main
system. In the Rio Nigua basin there are two sensors from this parallel
system. A flood control project in the flood plain would have no adverse
impact on these warning systems. The warning systems could be utilized to
complement proposed flood control measures for the study area.

B. Water Supply

The Puertc Rico Aqueducts and Sewers Authority (PRASA) is a public
corporation responsible for providing water and sewer service for the existing
and future domestic, commercial, and industrial demand in the island. PRASA
provides water to meet existing demands through the use of ground water
sources. Existing sources seem to be adequate to meet future water demands.

C. Land Use

Existing development regulations associated with the flooding
conditions have imposed strong restrictions and considerably limited the growth
of the urban areas and commercial activity within the town of Salinas and its
vicinity. The regulations controlling development in the floodway are a
barrier that have limited the socioceconomic growth of these populated areas.
Urban growth has spread to areas along PR Highways 1 and 3 away from the urban
core and built-up areas. This creates a problem for the providers of public
works services.

As population increases in the future, the demand for additional lands
for development would significantly increase. The Puerto Rico Planning Board

(PRPB) i ds to this development by increased densification in
the already developed areas and by permitting additional developments away from
the floodable area. To ipport or age increased densification, the

flooding condition of the area needs to be addressed.
D. Sediments

About 96 percent of the Rf{o Nigua basin is partially covered with
v ion. This red the potential sediment runoff into the main channel.
Most of the soils within the flood prone area appears to be stable except
within the main channel where there is little vegetation. Outside the
effective channel flow area the erosion and deposition activity should be
minimal. Large flooding events quickly leave the main channel and move through
areas covered by vegetation and or developments. Overbank water velocities
range from 0.05 to 1.17 weters per second which would be considered nonerosive.

A sediment assessment for the Rio Nigua basin was prepared as part of
the study efforts. Study findings and recommendations are included in
Appendix A, Hydrologic and Hydraulics.
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E. Recreation

A variety of recreation opportunities currently exist in the proposed
project area. Several beaches for swimming in the Salinas area attract the
general public. There are athletic fields within easy travel distance, there
is fishing in the streams near their confluence with the ocean and private
recreational facilities are available.

VI. PLAN FORMULATION RATIONALE
A. General

Plan formulation involves the identification, analysis, and evaluation
of alternative flood control management plans that address the planning
objectives within a set of constraints, assumptions, and criteria.

This report analyzes flood control alternatives for the town of
Salinas to include the sector of Playa de Salinas and the Coco community.
Alternatives for the two areas were examined separately.

B. Planning Objectives

It has been established that there is a critical flooding problem in
the lower and mid Rfo Nigua basin that seriously affects the safety and well-
being of thousands of families in the Municipality of Salinas. Consequently,
the overall goal guiding this report is formulating flood control plans for
these urban areas that will protect the lives and property of the families and
will enhance the study area's economic base to sustain future economic
development .

The specific objectives are:

® Safeguard the lives of the persons living within the flood plain of
the Rio Nigua.

¢ Minimize potential, financial, and personal property losses from
inundation damages.

. Minimizé impacts on environmental and cultural resources.
* Minimize disruption of economic and social activities.
* Enhance opportunities for further regional growth.
C. Planning Constraints
Several environmental and physical features in the flood plain pose
limitations to the type and alignment of flood control works that could be

considered. The plan formulation process was framed by the following
conditions:
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e Most of the urban area to be protected (92 percent) is on the east
bank of the river.

e There are about 30 families located on the west bank, in the
vicinity upstream of PR Highway 1, that are encroaching on the
river’s floodway. They are located between the river channel and
the town’s cemetery walls.

e The PR Righway 1 bridge over Rio Nigua has limited hydraulic
capacity.

e Proximity of urban development to existing river channel. Under
existing government regulations, the town of Salinas is located
within the river’s floodway.

e Under existing conditions, the PR Highway 52 east embankment
(upstream side) shows signs of a significant level of erosion
problems.

s South from the PR Highway 1 bridge, about 250 meters, there are
railroad tracks that are no longer in use. The railrocad bridge
structure over Rio Nigua is in very bad conditions and represents a
safety and flood hazard.

e The estuarine area of Rio Nigua contains a significant amount of
valuable environmental resocurces and wildlife habitat. This area
was designated as a Coastal Barrier Zone.

e Applicability of nonstructural measures to provide protection to
existing developments is impaired because most of the construction
is in concrete, high urban density, and costly real estate.

e A significant number of archeological and historical sites have
been identified within the lower valley.

D. Planning Assumptions and Criteria

Several engineering and economic assumptions and criteria were
established to guide the plan formulation and evaluation process.

1. Engipeering

a. Plans were developed separately for the town of Salinas to
include the sector Playa de Salinas (downstream PR Highway 52) and for the Coco
community (upstream PR Highway 52). Each plan must be complete in itself.

b. Bridge structure at PR Highway 154, main access to Camp
santiago (military training area), is an obstacle to river flow. The
relationship between replacing this bridge with a more efficient structure and
the potential savings in the proposed levee alternative to protect the
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community was studied. It was concluded that replacing the bridge at the PR
Highway 154 has no significant impact on water stages on the 4 kilometers reach
along the Coco community.

c. PR Highway 52 divides the flood plain into two areas. The
town of Salinas and Playa de Salinas are on the south {downstream) side while
the Coco community is on the north. During significant flooding events the
expressway will act as a levee with four openings. Flooding events of 10 years
or less will pass the entire flow through the PR Highway 52 bridge opening over
Rio Nigua. However, for events with a lower exceedance probability (25-year
flood) flooding waters upstream PR Highway 52 will also reach the town through
other openings.

d. PR Highway 52 east bridge abutment is an integral part of the
flood control alternatives. Bridge embankment will be protected against scour
and erosion.

e. About 400 meters downstream from PR Highway 52 bridge, there
is a ford that is currently providing access to a commercial gquarry and a
therapeutic community for drug addicts. This ford will be removed as part of
the project. The sponsor requested that an alternate access be provided within
lands required for the recommended plan. A new bridge structure is not under
consideration.

f. Based on the sediment assessment for the study area, project
conditions would have no significant impact on existing channel’s deposition
and erosion rate. No debris basin will be required.

g. The design flood is based on most probable future hydrologic
conditions.

h. Proposed plans should minimize induced flood damages in areas
outside the range of the flood control work.

i. Earthen levees were designed to have an alignment which would
minimize real estate requirements, and adverse impacts to environmental and
cultural resources in the area.

j. Gabion mattress armoring was considered for the levee side
slopes in areas where high flow velocities are expected.

k. Flood control measures were laid out to minimize impacts on
wetlands, particularly the areas in the vicinity of river estuary.

1. Risk-based analysis using selected hydrology, hydraulics, and
economic variables was applied to determine optimum scale of the plan of
improvements and the hydraulic performance of the plans.

.
2. . ‘5 ial
a. Plans are evaluated separately for the town of Salinas to

include Playa de Salinas and the Coco community. Each plan must be justified
in itself and each separate element of a plan must be incrementally justified.
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b. For purpose of optimization of net National Economic
Development (NED) benefits, risk and uncertainty analysis was incorporated as
part of the study efforts.

¢. Preliminary alternative plans for the town of Salinas were
evaluated (screened) based on a comparative analysis of project cost against

the D ed annual damage for the with project conditions. Once a final plan
was selected, the risk-based analysis was used for levee sizing and estimate
structure’s reliability. Preliminary alternative plans were designed to

provide same level of protection ({(the one percent chance flood). For purpose
of screening, it was assumed that alternative plans provide full flood
protection.

d. Preliminary and final plans were developed reflecting 1995
price levels. The recommended plan reflects 1996 price levels.

e. Interest rate used is 7 5/8, and study period is 50 years.
E. Without Project Conditions

The without project conditions scenario would be equivalent to the no
action plan, which envisions no flood control works within the detailed study
area. :

Potential flood hazard to the life, health, and property of the
residents in the area would remain as the most critical water-related problem.
Periodic disruption of productive economic activities resulting from flooding
in the area would impair further economic development.

Following the present trend, the population of the municipality of
salinas is expected to increase from about 28,300 inhabitants in 1990 to about
30,400 inhabitants by the year 2005.

In terms of economic development, the future growth of the study area
would depend on the success of the Commonwealth and municipal government
programs to induce higher capital investment in agriculture, manufacturing, and
trade. However, these efforts need to be related to the existing flooding
conditions that is imposing limitations to changes in land use. Some factors
that impact on future economic development in the area are the new local
Industrial Incentives Act, low interest rates, the stability of crude oil
prices, and the preservation of tax benefits under Section 936 of the
United States Internal Revenue Code or similar Federal Tax incentive program.

The manufacturing, agriculture, and government activities are expected
to remain as the most important source of income and employment in the region.
The construction sector is also expected to make a significant contribution to
future economic development. The existing highway network, new housing
developments, shopping malls, fast food centers, and the expansion of existing
facilities and infrastructure would contribute to the growth of the region. PR
Highway 53 expressway is under construction and should increase in a
significant way land communication capabilities between all the municipalities
within the south-east, east, and North-east coast of Puerto Rico.
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VII. PRIOR STUDIES AND REPORTS

Few flood control studies have been undertaken within the Rio Nigua at
Salinas basin. The most previous comprehensive study in the area was conducted
as a cooperative effort between the Government of the Commonwealth of Puerto
Rico (Department of Natural and Bnvironmental Resources) and the U.S. Army
Corps of Engineers (USACE) in 1979. The report presents results and
recommendations that are relevant to the plan formulation and evaluation
presented in this feasibility report.

In September 1979, the i was
. published under the authority of Section 204 of the River and Harbor and Flood
Control Act of 1970 (PL 91-611). The study provided alternative water

resources management plans to meet the future needs and goals of the Ponce
"Region. The study covered water supply, wastewater management, flood contzol,
recreation, environmental enhancement, and hydroelectric power potentials. The
Rio Nigua at Salinas basin was included in the study. The report includes
preliminary flood damages estimates based on USGS 1:20,000 topographic maps
with 1 to 10 meters contour 1lines. Average annual damages associated with
floodings in the town of Salinas and Playa de Salinas were estimated at about
$531,500 in 1976, and projected to increase to about $953,600 by 2035. Average
annual equivalent damages were estimated at about $879,300. Flood control
alternatives considered included a multipurpose reservoir in the Rfo Majada
subbasin. All cost estimates were based on 1975 prices at an interest rate of
6 3/8 percent. The report pregents a total estimated first cost of about $22
million for a flood control alternative that included a reservoir with total
estimated annual cost of $1.5 million. The estimated construction cost for the
flood control reservoir was $12 million with a storage capacity of 12,400 ac-
ft. At present, the USACE is constructing a flood control project that
includes two reservoirs in the city of Ponce. The Cerrillos Dam with a
capacity of about 48,000 ac-ft has a price tag of about $200 million. The
Portugués Dam, with a capacity of about 24,000 ac-ft, has a tag of $120
million. Using this experience with the real world, the Rio Majada reservoir
could have a price tag of about $57 million (1995 price levels). This
information provided basic rationale for not considering a flood control
reservoir as part of the plan formulation included in this report.

In 1971 the USGS prepared a Hydrologic Investigation Atlas on floods for
the Rio Nigua at Salinas valley. The report depicts areas flooded during the
September 1928 flood. Also, information on some historic floods was included.

On August 5, 1986, FEMA published Rio Majada Basin, Flood Insurance Study.
The report was developed by the USACE. The flooding conditions depicted in
this report are very severe and extensive. The report also establishes a
floodway zone that covers the entire ‘town of Salinas and most of the area of
community Playa de Salinas. This delineation has imposed strong development
restrictions on the municipality. However, flooding conditions developed as
part of this feasibility report are less severe (stages and floodable area)
than the ones depicted in the FEMA maps.

39



51

VIII. FORMULATLON OF PKELIMINAKI FLANS
A. 1Identification of Relevant Measures

Four nonstructural measures and two structural measures were

identified to fully or partially address planning objectives. The non-
structural measures considered are flood plain management, flood insurance,

porary and p flood plain e ion, and h, 1 mai R
Structural measures considered include floodway impr and levee con-

struction. Measures considered are described in the following paragraphs:
1. Nonstructural measures.

a. PRPB _Regulation 13. The wmost important and relevant
nonstructural measure to regulate development in the flood plain is the P.R.
Planing Board (PRPB) Regulation 13. This regulation, which predates FEMA flood
plain regulations and which in 1987 was revised to make it consistent with
FEMA, regulates all new devel and P ion of, or dimpr s to,
existing developments in flood prone areas. For a developer to receive a
construction permit in a flood prone area he must establish through a
hydrologic and hydraulic study that his project is above the 100-year flood
event or that it will not raise water stages in the vicinity within the urban
area by more than 0.3 meters. Flood plain management regulations are assumed
to be in effect under all plans. Flood plain management, however, will have
very limited effect in reducing potential flood damages to existing
developments.

b. Flood ipsurance program. The National Flood Insurance
Program (NFIP) is administered by the Federal Flood Insurance Administration
{FIA), which is part of FEMA. The PRPB serves as the local coordinating agency
for the Flood Insurance Program in Puerto Rico. Puerto Rico entered the
Emergency Flood Insurance Program (EFIP) in 1972 and entered the Regular Flood
Insurance Program in 1978. For purposes of the Flood Insurance Program, Puerto
Rico is considered a single community.

Flood insurance would not reduce or eliminate the flooding
problem, but it would serve to reimburse property owners for losses incurred.
The measure, however, seems to have been of very limited acceptance in Puerto
Rico. Due to frequent and significant flood damages, insurance premiums tend
to be high. However, participation rate is expected to increase because the
insurance is an important requisite for any economic tramsaction that would
relate to Federal funds.

c. Temporary and per flood plain e ion. Temporary
evacuation of persons and personal property from flood prone areas could be
accomplished when a flood threat exists. Temporary evacuation can be very

effective when operated in conjunction with a reliable flood warning system and
where mobile, damageable objects are a significant portion of personal
property.
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The ALERT system described in section V.A.7. is currently in
operation for the Rfo Nigua bagsin and would be utilized to complement proposed
flood control measures for the study area.

Permanent evacuation of the flood plain areas could be used to
reduce flood damage potential. Such a measure involves land purchase, physical
removal of buildings and infrastructure, and relocation of population. Lands
acquired in this manner could be used for parks or other purposes that would
not interfere with flood flows or receive material damage from floods. However,
permanent relocation of the entire town of Salinas, the Playa de Salinas
sector, and most of the Coco community was not considered as part of the
feasibility study. The relocation of over 3,000 families and hundreds of
commercial, public, and nonprofit facilities would upset by far benefits
associated with the actionm.

qa. - This measure primarily consists of
removal of trash, debris, and sediments from the existing stream channel.
Though minimal, this measure contributes to all objectives, especially for high
frequency floods. This should be a recurring activity every two years.

2. Structural measures

2. Floodway improvements. Since this is very effective at
reducing flood damages, this type of measure was considered for the town of
Salinas area. However, the use of concrete lining in an environmentally
sensitive area, like the river estuary, represents a significant adverse impact
beyond economical considerations. Therefore, concrete channels in the lower
valley were not considered.

b. Levees. This measure precludes floodwater from entering
flood prone areas. Since they have proved to be very effective in areas where
there is enough open space to accommodate them, without impacting significantly
areas on the unprotected side of the levee, this measure was considered for
both urban sectors within the detailed study area.

B. Description and Evaluation of Preliminary Plans

1. Genexal. Preliminary flood control plans were developed
separately for the town of Salinas to include Playa de Salinas and Coco
community. In the case of the town of Salinas area, three plans, each designed
to contain (using mean values of discharge and stages) the one percent chance
exceedance flooding event (100-year), were examined. The firsat plan considers
a long levee on the east bank of the river from PR Highway 52 all the way to
the coastal area. The second plan considers a levee, also on the east bank,
from PR Highway 52 to about 255 meters upstream the coastal line with a second
levee along the northern fringe of the developed area in Playa de Salinas. The
last plan consists of a floodwall system providing protection to the entire
flood prone area south from PR Highway S$2. In addition, flood improvi s
along Rio Nigua, to improve channel conveyance in selected areas downstream PR
Highway 52, were considered. For the Coco community two levee plans were
considered using the one percent chance exceedance flood (mean values) for
design and cost estimates as the most relevant flood control alternatives.
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For comparative, acceptibility, feasibility, and consistency with
local regulations purposes, all preliminary plans considered assumed the one
percent exceedance probability level of protection. Once the most relevant
acceptable and effective preliminary plan for each of the areas was identified,
the final sizing of the plan was accomplished through a risk-based analysis.

2. Rescription of Preliminary Plansg
a. Town of Salinas and Playa de Salinas

(1) Plan S-1. The plan consists of 2.9 kilometers of levee,
diversion ch 1, and floodway impro 8 to provide flood protection to
developed areas on the east bank downstream PR Highway 52. This plan would
protect the town of Salinas and Playa de Salinas. The levee would extend from
PR Highway 52 to the south along the developed area on the east bank to end
east from the mouth of the river to avoid the coastal barrier zone. Proposed
diversion channel would help convey large flows into the sea, and it would be
located east of the existing outlet of Rio Nigua. A weir would be located
between the river and the proposed diversion channel (downstream from PR
Highway 1) to allow lower flows to continue to the existing outlet. Floodway
improvements from PR Highway 52 to proposed diversion are also included in this
plan. Erosion and scour protection measures would be included along the east
bank of the river, diversion channel, and along the levee. Revetment would
also be provided at the junction of the river and the diversion channel. The
railroad bridge along with the ford would be removed. The PR Highway 1 bridge
would be replaced.

The total first cost of this plan is $15.55 million with
annual cost of $1.28 million, annual inundation reduction benefits of $1.15
million, and a benefit-to-cost ratio of 0.90/1.0.

(2) Plan. S-2. This plan considers a levee, diversion
channel, and floodway improvements similar to Plan 1 but the levee would not
extend to the coastal line. The levee along the east bank of the river does
not provide protection for the developed area known as Playa de Salinas. Nor
does it protect the agricultural lands southeast from the town of Salinas. The
levee would end about 255 meters upstream from the coastal line. The sector of
Playa de Salinas would be protected geparately by a ring levee of about 2.68
kilometers long with no revetment required.

The total first cost of this plan is $17.18 million with
annual cost of $1.42 million, annual inundation reduction benefits of $1.15
million, and a benefit-to-cost ratio of 0.81/1.0.

(3) Plan S-3. This plan consists of concrete flood walls
along both river banks following similar alignment as Plan S-1. This plan
would provide flood protection to the*entire flood prone area downstream from
PR Highway 52. The plan provides protection to the developed sector on the
west bank along PR Highway 1. Like Plan S-1, the plan also considers a
diversion 1 and floodway improv: s. To allow high frequency flows
toward the mangrove area within the mouth of the river, the plans include a
culvert structure in the vicinity of the weir upstream the diversion channel.
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The total first cost of this plan is $34.49 million with
annual cost of $2.82 million, annual inundation reduction benefits of $1.18
million, and a benefit-to-cost ratic of 0.42/1.0.

b. Coco Community

{1} Plan C-1. This plan consists of a levee about 4.2
kilometers long tc provide flood protection to the Coco community, north from
PR Highway 52. The levee would begin on the east side of PR Highway 1 at a
ground elevation of 50 weters NGVD, just north of the commmity. The levee
would cross the highway to continue south along the west side of Righway 1 for
about 3.4 kilometers. A ramp would be provided where the levee intersects
Highway 1.

The total first cost of this plan is $4.4)1 million with
annual cost of $0.38 million, annual inundation reduction benefits of $1.70
million, and a benefit-toc-cost ratic of 4.52/1.0.

{(2) Plan €-2. This plan considers a similar levee as Plan
C-1i, but the levee would remain parallel and west of PR Highway 1 for its
entire length of about 4.10 kilometers.

The total first cost of this plan is $4.22 million with
annual cost of $0.38 million, annual inundation reduction benefits of $1.70
million, and a benefit-to-cost ratic of 4.72/1.0,

3. Evaluation of Preliminary Plans

A1l of the preliminary plans considered for the study area would
result in some beneficial and some adverse impacts on the environmental and
cultural resources of the area. The final plan formulation process would
investigate means to mitigate for any adverse impacta on the area‘s resources.

The most significant impacts deriving from the implementation of
the preliminary plans would be those associated with the human, physical, and
economic activities of the urban environment. These impacts relate tc the
protection of human lives and propexrty from flooding and the sense of security
granted to the residents within the study area, the changing of strips of
natural vegetation along Rio Nigua into an environment of levees, and the
support o©f a mwore attractive and productive economic environment, The
implementation of the plans, on the other hand, would require the allocation of
substantial economic capital resources that could be used to meet other sacial
needs .

Generally, four types of environmental impacts would be
associated with the implementation of the preliminary plans discussed above.
During construction there would be some temporary impacts on air quality, water
quality, and aquatic life and some permanent impact to wetlands {(particularly
the levee along Playa de Salinas) in the area from clearing of vegetation and
excavation for the construction of levees, transportation of fill materials,
and realignment of existing river charnels in the vicinity of the project



55

areas. Construction of the project would also entail considerable disruption
of traffic and social inconveniences because the project requires the
replacement of PR Highway 1 bridge within a highly urbanized area.

In the town and Playa de Salinas area, during flooding events,
the river provides an inflow of freshwater to the mangrove forest at the
estuary. Plan S-3 would disrupt that function by isolating the marsh from
overflow of the Rioc Nigua. This plan would also enhance several hundreds of
acres of lands on the west bank for which there will be a tremendous pressure
from the private sector for development. Plan S-3 provides protection to Las
Ochenta community and other developed sectors along PR Highway 1. However, the
increase in annual benefits ($29,000) are upset by the increase in project cost
{$1.4 million). Plans S-1 and S-2, on the other hand, avoid these adverse
impacts on the west bank. Plan S-1 would provide flood protection to about 248
acres of agricultural lands that are being converted from sugar cane to cash
crops and vegetables. The P.R. Department of Agriculture, in coordination with
private owners, will continue use of these lands for agriculture. Protection to
this agricultural activity would yield an estimated annual benefit of about
$113,300. Plan S-2 reduces the amount of agricultural land protected. In
addition, the plan would have significant impacts on wetlands on the north-east
sector of Playa de Salinas. Although a mitigation plan for alternative plan
S-2 was not developed, this alternative is about $1.6 million more expensive
than extending the town levee to protect Playa de Salinas (plan $-1).

For the town and Playa de Salinas area, a more cost effective
flood control alternative was developed as part of the final plan design and
evaluation process using plan S-1 as the basis.

In the Coce commmnity area, proposed levee parallel to PR
Highway 1 represents the most effective flood protection altermative.

Tables 5 and 6 summarize the most significant impacte associated
with the implementation of each of the preliminary plans for the town of
Salinas and Coco community detailed study areas.

On the basis of this analysis, Plan S-1 in the town of Salinas
and Playa de Salinas area and Plan C-2 in the Coco community area were selected
for final plan formulation.

IX. DESCRIPTION AND EVALUATION OF FINAL PLANS
A. General

The most attractive preliminary plan for the town and Playa de Salinas
area, Plan $-1, was modified and then developed into a fipal plan for purpose
of incorporating risk and uncertainty analysis to identify the NED plan through
the levee-sizing process. Design and cost estimates were computed for three
different levee crest elevations to develop a cost curve for the risk-based
analysis. The best preliminary plan for the Cocc community, Plan C-2, was also
examined for different levee stages for the area north of PR Highway 52.
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B. Description of Final Plans

1. Town and Plava de Salipnas axea. In general, the plan considers a
levee along the east bank of the river extending from downstream of PR
Highway 52 to the coastal line. The plan includes protection measures against
erosion for the east abutment of the highway bridge, where the levee would be
tied to. The levee would run from PR Highway 52 to the south for about 2.96
kilometers to the coastal line east from the mouth of the river. A new bridge
and ramp at PR Highway 1 would be needed to clear the levee. Upstream from PR
Highway 52 the levee would continue bordering the highway's intersection with
PR Highway 1 to protect the town of Salinas from flood waters entering through
the opening at the bridge over Highway 1. The plan was examined for three
different g 1ly cor ding to dif levels of protection.
Table 7 shows the cost associated with each evaluated levee stage. These cost
estimates represent the points in the cost curve for the risk-based analysis.

TABLE 7

COST ESTIMATE FOR DIFFERENT LEVEE STAGES
TOWN AND PLAYA DE SALINAS

($1,000 of 1995)

11,089.4
12,265.3
12,933.7

920.2
1,016.0
1,070.5

2. Coco commnity area. In general, the plan consists of a levee
about 4.1 kilometers long to provide flood protection to the Coco community.
The levee would begin on the west side of PR Highway 1 at a ground elevation of
50.3 meters NGVD, just northeast of the community. The levee would remain
parallel and west of PR Highway 1 for its entire length. As in the case for
the town, three different levee stages were examined.

Table 8 shows the costs associated with each levee stage.

TABLE 8

COST ESTIMATE FOR DIFFERENT LEVEE STAGES
COCO COMMUNITY

{$1,000 of 1995)

4,473.2
5,322.7
5,641.3

437.6
462.9
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C. Risk-Based Analysis of Final Plan

1. General. The purpose of this analysis is to incorporate risk and
uncertainty (R&U) considerations in evaluating sgizing and reliability of
proposed flood control features for the Rio Nigua at Salinas flood prone area
following EC 1105-2-205. R&U analysis includes not only the expected point
estimates of the most important plan formulation variables, but also a range of
potential outcomes and their associated probability. Using the Monte Carlo or
the Latin Hypercube simulation technigues, in which multiple iterations are
done by selecting and combining inputs from the full range of possible outcomes
of the various variables distributions, allow incorporation of uncertainty into
the calculation of flood damages for given target stages. These target stages
or elevations represent levee overtopping or failure. Uncertainty, variation,
or error estimates were developed for the relationships associated with the
fr y-disch , stage-di , and stage-damage functions for the
existing (without project) and the with project conditions. Uncertainty
associated with flood protection cost was not included in the analysis. The
analysis was undertaken in part with the assistance of staff from the U.S. Army
Corps of Engineers' Hydrologic Engineering Center (HEC) and the Institute of
Water Resources (IWR).

2. Methodology 'and assumptions. For purpose of this analysis, the

Rio Nigua flood prone area was subdivided into two reaches based on the

hydrological characteristics of the flood plain. These reaches coincide with

the economic reaches into which the flood plain was subdivided for economic

damages analysis. The hydraulic conditions and levee design characteristics for

the town and Playa de Salinas are related to each other. Therefore, for

« purpose of the risk-based analysis, the area downstream from PR Highway 52 was
considered as one reach. Coco community was considered as a second study reach.

The proposed flood control plan would have an impact on flood stages
particularly in the vicinity of PR Highway 52 during the one percent chance
d fr y event. Therefore, reduced expected annual damages
associated with a particular levee stage were computed from the damages
scenarios presented by the existing and the with project conditions stage-
frequency curves and corresponding uncertainties.

Following is detailed information on data and associated uncertainty
used to evaluate levee sizing for the Rio Nigua at Salinas study area:

a. Discharge. Based on the basin's characteristics, a
discharge-probability function was developed for the two study reaches. The
proposed project would have no impact on the discharge-probability
relationship. Therefore, these curves were used for the existing and the with
project conditions. Statistics were computed, in accordance with Bulletin
number 17B, Guidelines for Determining Flood Flow Frequency, from an adopted
curve of computed discharges (HEC-1) and parallel to the regional frequency
curve. Refer to section V.E.2 of the H&H Appendix. The functions were fit to
a Log-Pearson Type III distribution with a logarithmic mean equal to 3.898 and
3.907 for the downstream reach and Coco community reach, respectively, and a



60

logarithmic standard deviation of 0.406 and 0.397 for the same reaches. A
regional skew coefficient of 0 was used for both study reaches. An equivalent
period of record of 25 years was used to develop discharge uncertainty.

b. Stagas. A HEC-2 model was developed for the evaluation of
the existing and with project conditionms. The model was calibrated with
detailed information collected by the USGS from floods usocuted with the

October 1870 tropical depression, a ten percent ch £
event. The hydraulics of the existing conditions was used to develop the
stage-di relati hip to the without project expected annual

damages for the reaches under ccnlidetaticn For the Coco commnity, the with
project expected annual damages were established with the same stage-discharge
function due to the negligible impacts of the with project conditions. However,
for the town reach, the with project hydraulics was used to compute the with
project D d annual ges. Table 5 provides the stage-discharge curve

' developed for the without project conditions for the two reaches under
consideration.

Stage Discharge ge
at Cross Section 2 (cms) at Cross Section 23

(NGVD) {mt, NGVD)
0.5 ['] 34.0 [
2.1 527 35.5 142
2.4 748 36.8 526
2.8 1389 37.8 1556
3.2 1967 38.3 2404
3.4 2834 38.8 4251
4.3 8502 39.0 7085

Uncertainty for each of the stage-discharge funct:.ans {with
project and without project) for the one p Y
event was determined from the comparative analysis of two approaches. (1) the
values shown in the Minimum Standards Deviation Table provided in EC-1105-2-201
and (2) one fourth of the stage difference between the upper and lower bounds
around the HEC-2 developed profiles for existing and the with project
conditions that resulted from a water surface profile sensitivity analysis
{varying "n" value} for the flood plain. The sensitivity analysis results were
selected (most critical) for the computation of the standard deviation of the
stage-discharge functions. Standard deviation of stage uncertainty for the one
percent chance exceedance frequency event ranges from 0.20 meters within the
town reach to 0.24 meters within the Coco community reach.

. Damages. A stage-damage curve was developed for each of the
two study reaches. For the Coco community reach, a single curve consolidating
all land uses was developed for the with and without project conditions. But
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the stage-damage relationship developed for the town reach took a significant
amount of additional effort. The diversity of land uses and the changes
associated to the with and without project conditions made the difference for
the second reach. Two stage-damage curves were developed for the existing
conditions and then consolidated into one relationship to be used in the levee-
sizing process. The first curve included residential and commercial damages.
The second curve included nonprofit, public, and industrial damages. The same
process was followed for the with project conditioms. Uncertainty was
determined through a proportional random sample of 61 observations for
estimating errors associated with structure and content value of residential
structures within the flood prone area. In the case of commercial, public, and
nonprofit facilities, the entire population was surveyed.

On the basis of past experience with FEMA's Detailed Survey Reports
for residential structures, a 10 percent error of damage at each stage and a
confidence level of 95 percent were assumed for the depth-damage relationship.
Refer to Appendix F, Economics, for detailed information on the development of
the stage-damage relationship.

d. Cogts. Cost estimates including real estate costs and O&M
were developed for three stages or levee heights. These cost estimates reflect
1995 price levels. Uncertainties associated with the stage-cost relationship
were not considered in the analysis.

3. Procedure. The Monte Carlo sampling method for the sizing
process and the Latin Hypercube sampling method for developing the stage-damage

curve were used to determine P d annual 4 for the with and without
project conditions, by considering estimated uncertainties in the various
relationships influencing the results. The number of iterations in the

simulations was carried for the EAD analysis (sizing of plan) and for the
reliability of the plan until the values converge to the input statistics or
until no significant change in the expected values were being obtained with
additional iterations.

Two risk-based analysis work sheet templates were developed with the
aseistance of the U.S. Army Corps of Engineers' Hydrologic Engineering Center
(HEC) and the Institute of Water Resources (IWR). The first one for the
economic analysis includes: the depth-damage percentage curve, mean values and
standard deviations of structure, and content value for each of the different
land uses within each of the reaches under consideration. About 14 points
(simulations) were congidered. For each stage, 1,000 iterations (using the
Latin Hypercube sampling method) were run to develop the stage-damage curve
with uncertainty. This curve served as an input to the second work sheet.
This work sheet includes the discharge frequency curve with uncertainty and the
stage discharge with uncertainty for each of the two reaches under
consideration. By the Monte Carlo sampling method between 4,000 and 5,000
jterations were used to generate expected annual damage for the with and the
without project conditions for each of the two reaches under consideration.

project reliability simulations (performance) were undertaken for
every stage (target elevation) associated with the various levee heights for
each reach under consideration for the 1, 0.43, 0.2 percent chance exceedance
probability events. This analysis provides information on percent probability
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of the levee containing the particular event under consideration. As in the
levee sizing process, between 4,000 and 5,000 iterations were used to simulate
each levee height performance.

4. Results. Tables 10 and 11 summarize the sizing and reliability
simulation results for selected levee heights for the final flood control plan
under consideration for the town and Playa de Salinas, and for the Coco
community flood prone areas. The levee height that maximizes expected net
benefits is the NED plan. The stages (levee heights) selected for the analysis
represent an adequate range to identify the NED plan. As shown in Tables 10
and 11, net benefits for lower or higher stages than the NED plan would yield
less benefits. Therefore, evaluating higher or lower stages than those
presented would have no impact on the NED plan formulation.

The sizing portion of the risk-based analysis for the town and Playa
de Salinas levee (Table 10) resulted in a levee height of 4.5 meters (NGVD).
Proposed levee project for the flood prone area is expected to contain the one
percent ch fr y flood (100-year) with a 99.7 percent
probability. This structure would have a 0.01 percent chance of being
overtopped in any given year (10,000-year event).

In the case of the Coco community levee, the sizing process
(Table 11) resulted in a levee height of 38.7 meters (NGVD). Proposed levee
project for the flood prone area is expected to contain the one percent chance
exceedance frequency flood (100-year} with a 91.1 percent probability. This
structure would have a 0.33 percent chance of being overtopped in any given
year (300-year event).

D. Analysis of the Final Plan

1. Genexral. The purpose of this analysis is to evaluate the final
plan on basis of its contributions to the planning objectives.

P {buts he planni biect

a. Safeguard lives. Safeguarding the 1lives of some 3,022
families living along the Rio Nigua flood plain in the areas of the town and
Playa de Salinas and Coco community is considered the ultimate objective of the
proposed flood control project. A significant proportion of this population
belongs to low-middle income families striving toward improving their living
conditions. The plan: would contribute substantially to reduce the threat to
life as a result of major floods in the study area.

b. Minimize pxroperty losses. The criterion utilized to
measure contribution of the plan to this objective was reduction of inundation
damages. Total expected annual inundation damages under the without and with
project conditions were estimated through a risk-based analysis for each flood
control plan. The plan for the area provides over 98 percent reduction of
flood related damages; and in that sense, it is very effective at minimizing
property losses.
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c. Maximizing net economic bepefits. The maximum contribution
to net national benefits of the plan for the town and Playa de Salinas area is
about $127,000 per year. The plan for Coco commnity would have a net benefit
contribution of about $1.23 million per year.

d. Minimize social disxuption. This objective refers to
minimizing adverse impacts on the normal daily economic and social life in the
detailed study area. Whenever there is flooding in the area, indirect damage

would result from reduction of business operations: thousands of persons
unable to reach their jobs; hundreds of cars stalled in the middle of streets,
avenues, and highways; recreational activities pended; and d ion of

other public services. The scope of services of agencies dealing with flood
protection and relief in the areas affected (e.g. the Civil Defense, the Red
Cross, etc.) is increased as well as isolation and social disruption of
families. The plan under consideration requires relocation of about 30
families within the flood plain. This action should represent a substantial
improvement to existing living conditions for these families.

e. !

X! Prop d plan would have no significant impact on the area’s
environmental resources. The recommended plan would provide means to
satisfactorily mitigate all adverse impacts on the area's cultural resources.

X. RECOMMENDED PLAN

A. Description of Components

The recommended plan consists of a levee system (with two levee
segments) to provide flood protection to the town of Salinas and the sector
known as Playa de Salinas and a third levee segment to provide flood protection
to Coco community (Plates 2 and 3).

. The recommended plan of improvements for the Rio Nigua south from
PR Highway 52 consists of a levee along the east bank of the river extending
from the highway down to the coastal line. The plan includes protection
measures against erosion for the east abutment of the highway bridge, where the
levee would be tied to. The levee would run from PR Highway 52 to the south
for about 2.96 kilometers to end east from the mouth of the river. The sizing
process (R&U) shows a levee crest elevation of 4.5 meters (NGVD) at cross-
section 2 as the NED levee height for this area. The levee would have an
average height varying from 1.5 meters in the coastal area to 5 meters in the
vicinity of PR Highway 52. The structure with a minimum crest width of 3
meters and side slope of 1V:2.5H would include revetment protection on
structure’'s floodside. The railrocad bridge, no longer in use, would be
removed. A new bridge and ramp at PR Highway 1 would be needed to clear the
levee with a low chord elevation of'8.7 meters (NGVD). Existing top of the
road elevation is about 6.9 meters (NGVD). Revetment protection will also be
provided at the new PR Highway 1 bridge. There would be three drainage



66

structures along the levee. A 1,52 mt. diameter corrugated metal pipe (cmp)
culvert would be located south of the new PR Highway 1 bridge (north of the
railrcad tracks). Two 1.52 mt. dia. cmp culverts would be located north of the
new PR Highway 1 bridge. A third drainage structure, one 1.52 mt. dia. cmp,
would be located about 1 kilometer south of PR Highway 52. A road ramp would
be provided south of the railroad tracks to provide access to about 60 acres of
coastal lands located between the river outlet and proposed levee.

A levee segment would be required to protect the intersection
between highways 52 and 1 to avoid flood waters reaching the town through the
bridge opening in that area. This segment would start from the upstream side
of the east abutment of the PR Highway 52 bridge following a highway access
ramp and ends downstream from the highway’'s exit ramp to PR Highway 154. The
.levee location would avoid impacts to the PR Highway’'s 1 and 154 intersection.
Gabion protection would be required along the levee floodside. The about 610
meters structure would have a maximum height of 3.8 meters with a 1V:2.S5H side
slope and a crest width of 3 meters.

There will be an unpaved access road starting at PR Highway 1 going
north along the western right-of-way of the river channel and crossing the
Quebrada Honda to tie into an existing road, located downstream of PR
Highway 52. The access road is about 1.54 kilometers long with a ford crossing
at Quebrada Honda. This is to replace existing ford crossing at Rio Nigua
about 400 meters downstream from PR Highway 52. At the present, this ford
provides to a cial quarry and a therapeutic community.

To avoid relocating existing family dwellings, segments of the
proposed levee would be located in the existing river channel. These locations
are at the river’s intersection with the railroad bridge (to be removed) and
upstream the new PR Highway 1 bridge. The river channel would be realigmed,
but not deepened, at these locations to restore existing conveyance.

For the Coco community the sizing process (R&U) shows a levee crest
elevation of 38.7 meters (NGVD) at cross-section 23 as the NED plan for this
area. However, the recommended plan was designed with a crest elevation of
39.3 meters (NGVD). To the levee segment within section 23 a 0.6 meters of
superiority was added due to the sensitivity of this particular area.
Therefore, the earthen levee would have a total length of 3.98 kilometers and
an average height of about 3.8 meters with a side slope of 1H:2.5V. The levee
would be adequately protected with established and well-maintained grass cover.

The about 32.88 acres of lands required for the levee are within the Federal
Camp Santiago Military Reservation.

The recommended plan would regquire about 143.42 acres: 16.86 in

fee, 43.68 in easements, and about 82.88 acres of Federal owned lands. Within
this total there are 25 acres of disposal area and 50 acres of borrow site.
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The plan would require acquisition of a farm residence in poor conditions, a
radio station office building, a service station, 5 residential dwellings, and
30 family dwellings to be removed.

There are two water lines (4 and 2 inches), telephone and a
significant amount of electric power lines in the vicinity of PR Highway 1
bridge that would be relocated as part of the recommended plan. Downstream
from PR Highway 52, about 350 meters, there is a 130 meters long siphon (30~
dia. in average) that is part of the irrigation system of the area that would
be modified to accommodate proposed flood control plan.

The recommended plan is shown on Plates 2 and 3. Typical cross
sections of project features and details of flood profiles for the recommended
plan of impr are pr d in dix C, Design and Cost Estimates.

B. Summary of Impacts and Economics

Proposed plan would have an impact on flood stages in the vicinity
downstream PR Highway S2. However, a taking analysis included in Appendix E,
Real Estate Plan, concluded that the increased flooding caused by the project
will not constitute a taking under the Fifth Amendment of the United States
Constitution.

No significant natural resources would be adversely affected by the
project: no thr d or d ed species, coastal barrier resource
segments, wetlands areas, or significant fish and wildlife habitat would be
adversely affected and, therefore, no mitigation actions are proposed.

Historic properties which may be affected by the recommended plan
include the PR Highway 1 bridge, the railroad bridge, and a historical site.
The project’s effects on these resources will be adverse and will require
mitigation. Proposed mitigation for loss of the bridges include documentation
to Historic American Engineering Record (HAER) standards. Additional field
work will be conducted for the archeological site.

Tables 12 and 13 summarize, respectively, the cost estimates and
economic impacts of the recommended plan for each of the detailed study areas
and for the project as a whole. Detailed cost estimates are presented in
Appendix C, Design and Cost Estimates, while details on benefits associated
with the plans are di d in Appendix F, ic Analysis. Table 12
provides a comparative analysis for the two sectors using only inundation
reduction benefits associated with the recommended plan. Table 13 provides a
complete analysis of the economics of the plan. Construction cost presented in
both tables do not include PL-646 assistance payments nor cultural preservation
cost. The cost figures shown in Table 12 and 13 differ from those used for
risk-based analysis (Tables 10 and 11). The cost figures for the recommended
plan are MCACES detailed cost estimates as of August 1996. Cost estimates for
the preliminary plans were developed with generalized information collected
within 1994 and 1995. In addition, MCACES cost estimates for the recommended
plan includes more detailed real estate cost information.
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TABLE 12

COMPARATIVE ANALYSIS POR SEPARABLE ELEMENTS
{$1,000 OF August 19596)

Roads and Bridges 2,373.0 0 2,373.0
Utilities and Structures 251.3 0 251.3
Levees and Floodwalls 2,919.4 2,154.6 5,074.0
Channels and Canals 633.0 0 633.0
Total Construction Cost 6,176.7 2,154.6 8,331.3
Real Estate 2,054.5 222.9 2,277.4
Planning Engineering and Design 5386.3 216.0 812.3
Construction Management . 655.0 237.6 892.6
!'O'.l'ih FIRST COST 9,482.5 2,831.1 12,313.6
Interest During Construction 400.8 140.7 541.5
TOTAL INVESTMERT COST 9,883.3 2,971.8 12,855.1
Annualized Investment Cost 773.2 232.5 1,005.7
Annual Operation and Maintenance Cost 45.5 20.5 66.0
TOTAL ANNUAL COST 818.7 253.0 1,071.7
Annual Inundation Reduction Benefits 1,143.2 1,667.9 2,811.1
Net NED Benefits 324.5 1,414.9 1,739.4
BENEFITS TO COST RATIO 1.4/1 6.6/1 2.6/1
Note: Real Estate cost does not include PL-91-646 Assistance Payments.
Benefits and costs amortized at 7 5/B% for 50 years.
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TABLE 13

($1,000 of August 199%6)

ECONOMICS OF THE RECOMMENDED PLAN

Itemi-zed Elements Town -and Playa Coca P:z;‘i::it
Total First Cost 9,482.5 $2,831.1 $12,313.6
Interest During Comstruction 400.8 140.7 541.5
Total Investment Cost 9,883.3 $2,971.8 $12,855.1
Interest and Amortization 773.2 232.5 1,005.7
Annual O&M Costs 45.5 20.5 €6.0
TOTAL ANNUAL COST 8l8.7 253.0 1,071.7
Annualized Benefits
Inundation Reduction 1,143.2 1,667.9 2,811.1
Agricultural 113.3 0.0 113.3
Employment 36.0 13.5 49.5
Flood Insurance 8.2 0.0 8.2
Advance Bridge Replacement 64.7 0.0 64.7
TOTAL ANNUAL BENEFITS 1,365.4 1,681.4 3,046.8
NET NED BENEFITS 546.7 $1,428.4 1,975.1
BENEFIT-TO-COST RATIO 1.7/1 6.6/1 2.8/1

Period of Analysis = 50 years

NOTE: Benefits and Costs Amortized at 7.625%

Table 14 provides cost estimates for the recommended plan for the
project as a whole. Total first cost of the components of the recommended plan
while annual cost

for the Rio Nigua de Salinas study area is $12,713,600,

including interest during construction and O&M is $1,071,700.
of the plan will result in NED annual benefits of $3,046,800 and a benefit-to-

cost ratio of 2.8/1.0.
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TABLE 14
COSTS ESTIMATES OF RECOMMENDED PLAN
($1,000 of August 1996)
DESCRIPTION ECONOMIC COST FINANCIAL COST

Roads and Bridges 2,373.0 2,373.0
Utilities and Structures 251.3 251.3
Levees and Floodwalls 5,074.0 5,074.0
Channels and Canals 633.0 633.0
TOTAL CONSTRUCTION COST 8,331.3 8,331.3
Real Estate 2,277.4 2,277.4
P. L. 91-646 - 340.0
Cultural Preservation === 60.0
Planning, Engineering, and Design 812.3 812.3
Construction Management 892.6 892.6
TOTAL FIRST COSTS 12,313.6 12,713.6
Interest During Construction 541.5
TOTAL INVESTMENT COSTS 12,855.1
Interest and Amortization 1,005.7
Annual Operation and Maintenance Cost 66.0
TOTAL ANNUAL COST 1,071.7
Notes: Figures include appropriate contingency costs. Detailed estimates

are shown in Appendix C, Design and Costs. Discounted at current

interest rate of 7 5/8 percent. The economic cost is related to the

economic analysis on Tables 12 and 13. The financial cost is related

to the project cost sharing on Table 15.

Though implementation of the plan would reduce expected annual damages
in over 98 percent, there would still be about $41,700 of expected annual
residual flooding damages.

The recommended plan was examined in accordance with Executive Order
11988. The recommended plan is the only practicable flood control management
plan for the detailed study area. The implementation of the recommended plan
would not enhance vacant lands that could induce future urban expansion on the
existing flood plain area.

C. Federal and Non-Federal Cost Sharing of Recommended Plan

The Federal Government would design and prepare detailed plans and
construct the project (exclusive of those items specifically required of mnon-
Federal interests) after Congressional authorization and funding; upon signing
of a contractual agreement for local cooperation as required by Section 21 of
the 1970 Flood Control ‘Act and the 1986 Water Resources Development Act; and
upon completion “of those items of local ' cooperation required prior to
construction.
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The local sponsor would be required to provide all lands, easements,
and rights-of-way; alteration and relocation of buildings, bridges, and public
utilities; to hold and save the FPederal Government from damages due to the
construction works; and to properly maintain and operate all works after
completion of the project, including establishing and enforcing regulations, to
assure the flood 1 project iplishes its objectives.

Table 15 shows cost sharing of total first cost of the project as
established in the Water Resources Development Act of 1986 for the Rio Nigua at
Salinas project area. The non-Federal costs would be those associated with
easements, rights-of-way, relocation, bridge replacement or new bridges,
operation and mai . The sp is alsc required by law to contribute
five percent in cash of the flood control cost. For the recommended plan, the
total project cost is estimated at $12,713,600. The sponsor will contribute
© $5,877,400 or 46 percent, and the Federal share will be $6,836,200 million.

TABLE 15

.COST SHARING OF TOTAL FIRST COST
{$1,000 of August 1996}

FLOOD CONTROL ITEMS
Levees and Channels 7,471.9 7,471.9 0.0
Relocation of Roads, Bridges,
Utilities, and Structures 2,624.3 0.0 2,624.3
Damages 2,617.4 0.0 2,617.4
o i 12,7136 7.471.9 5,241.7
- 635.7 + 635.7
6,836.20 5,877.4
25% Minimum Contribution 3,178.4
'50% Maximum Contributicn €,356.8
Contribution Adjustment
(not to exceed 50% maximum) 0.0 0.0
SUBTOTAL €,836.20 5,877.4
Ability to Pay Adjustment 0.0 0.0
| SUBTOTAL §,836.20 5,875 .4
TOTAL FIRST COST §,836.20 5,877.4

The application of the ability to pay procedures for determining
altered cost shares for qualifying non-Federal sponsors is specified on
ER 1165-2-121. The recommended Rio Nigua at Salinas flood control project does
not meet the condition of the benefit test and, therefore, does not qualify for
a reduction in the non-Federal share.
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D. Financial Plan

During several coordination meetings with the local sponsor, the U.S.
Army Corps of Engineers field office has discussed and. explained the
recommended plan for a flood control project for the areas of Salinas. The
local sp und ds its ibilities for contributing with all lands,
easements, and right-of-ways, relocation of bridges and utilities, and the
acquisition of buildings and structures necessary for project implementation.
In addition, the sponsor understands the Federal requirement for contributing a
minimum of five percent cash of the total flood control first cost. Options
for financing the local share of the project were also discussed. The local
sponsor has expressed its support for the recommended plan and its intent to
comply with all requirements as outlined in this report.

The local gponsor intends to finance the local share in the project
using the same financial scheme used for the multi-million multipurpose
Portugués-Bucand project currently under construction and the upcoming Rio
Puerto Nuevo flood control project. Project funding will be obtained by annual
appropriations from the Commonwealth Legislature for the capital improvement
program for flood control works managed by the Puerto Rico Department of
Natural and Environmental Resources. These funds are obtained from the annual
selling of about $350 million of Commonwealth of Puerto Rico bonds which are
allocated for infrastructure development. The funds, now being budgeted and
programmed by the sponsor, will cover its share of the total first cost for
construction of the project in accordance with this report and latest PMP. It
is reasonable to expect that ample funds will be available to satisfy the non-
Federal sponsor financial obligations for the project.

The above financial plan is similar to the cnes that have supported
recently authorized flood control projects in Puerto Rico such as Rio Puerto
Nuevo and Rio de la Plata.

E. Coordination

The study was developed and worked out in close coordination with the
Puerto Rico Department of Natural and Environmental Resources, the 1local
sponsor; the Puerto Rico Planning Board; the State Historic Preservation
Officer; the municipality of Salinas; the U.S. Fish and Wildlife Service; the
U.S. Geological Survey; and the Environmental Protection Agency.

The local sponsor has read and concurs with the findings of the report
and will provide a Letter of Intent supporting the report's conclusions and
recommendations.

The Draft Project Cost Agreement was discussed with the local sponsor,
and they generally understand and concur with it.

The local sponsor, DNER, will obtain and provide its share of total

first cost for comstruction of project through annual appropriations from the
local legislature.
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F. Steps to Plan Implementation

Submission of this report by the District Engineer constitutes the
first step in a chain of events that must take place before a flood control
project can become a reality. It may be modified at any stage of review, and
only if it successfully passes each stage, will it ultimately be constructed.
These events are:

1. Review of the feasibility report and the environmental impact
statement by higher Corps of Engineers authorities, including the South
Atlantic Division, the Washington Policy Review Branch, and the Office of the
Chief of Engineers.

2. At the request of the Chief of Engineers, formal review by the
Governor of the Commonwealth of Puerto Rico.

3. Comments by other i d d 1 ies at the request of
the Chief of Engineers.

4. Submission of the feasibility report and EA to the Assistant
Secretary of the Army for Civil Works for review and approval.

S. Review and comment by the Office of and
regarding the relationship of the project to the program of the President.

6. Submission of the feasibility report and BR by the Secretary of
the Army to the United States Congress.

7. Consideration of the feasibility report by the United States
Congress and authorization in a Water Resources Development Act.

8. Inclusion in the President's , when appropriate, of funds
for Planning, Engineering, and Design (PED) and construction of the authorized
project by the Chief of Engineers.

9. Appropriation of the necessary funds by the United States
Congress.

10. Fulfillment of the required measures of local cooperation
including cost sharing and lands, easements, rights-of-way, and relocations.

11. Complstion of the necessary surveys and investigations for the
preparation of Design Memorandums to include Value Engineering evaluatioms,
preparation of plans, specifications, and an estimate of the construction cost
by the District Engineer; and acquisition of required permits followed by an
invitation for bids and awarding of the comstruction contracts.

XX. CONCLUSIONS

The Rio Nigua at Salinas Feasibility Report shows that flooding is a major
problem threatening the life, property, and economic development of the
residents of the Municipality of Salinas, Puerto Rico. The report shows that
it is economically justified and necessary to develop and comstruct a flood
control project for this area.
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The recommended plan of improvements for the Rio Nigua basin consists of
2.96 kilometers levee along the east bank of the river downstream from PR
Highway 52 to provide flood protection to the town and Playa de Salinas, and a
second 3.98 kilometers levee to provide flood protection to Coco community. The
plan for the town of Salinas includes a 610 meters levee segment around
intersection of PR Highways 52 and 1, and revetment protection along the total
length of the structure. Some 3,022 families currently living in the flood
plain would be protected from the overflow of R{o Nigua. Total first cost of
the recommended plan is $12,713,600. Net Annual National Economic Benefits are
in the order of $1,975,100 and the benefit-to-cost ratio is 2.8/1.0. The
recommended plan is the National Economic Development Plan. The Federal
contribution for the implementation of the plan would be $6,836,200, while the
non-Federal would amount to $5,877,400.

I have given consideration to all significant aspects in the overall
. public interest, including engineering feasibility, economic, social, and
environmental effects. The recommended plan described in the report provides
the optimum solution for flood protection along the Rio Nigua at Salinas and
its main tributaries within the framework of the formulation concepts.

X1Y. RECOMMENDATIONS

I recommend that the plan of improvements for Rio Nigua at Salinas
described in Chapter IX of this report be authorized for implementation as a
Federal project, with such modifications as advisable at the discretion of the
Chief of Engineers, for a total first cost to the United States estimated at
$6,836,200 and a benefit-to-cost ratio of 2.8 to 1.0. The exact amount of
non-Federal contributions shall be determined by the Chief of Bngineers
following polices satisfactory to the President and the Congress prior to
project implementation. This recommendation is also subject to the non-Federal
sponsor agreeing to comply with applicable Federal laws and policies, including
the following requirements: .

a. Provide a minimum of 25 percemt, but not to exceed 50 percent, of
total project costs assigned to flood control, as further specified below:

(1) Provide, during construction, a cash contribution equal to five
percent of total project costs assigned to flood control.

{2) Provide all lands, -‘easements, and rights-of-way, including
suitable borrow and dredged or excavated material disposal areas, and perform
or assure the performance of all relocations determined by the Govermment to be
necessary for the construction, operation, and maintenance of the project.

{3) Provide or pay to the Government the cost of providing all
retaining dikes, wasteweirs, bulkheads, and embankments, including all
monitoring features and stilling basins, that may be required at any dredged or
excavated material disposal areas required for the construction, operation, and
maintenance of the project.

b. For so long as the project remains authorized, operate, maintain,
repair, replace, and rehabilitate the completed project, or functional portion
of the project, at no cost to the Government, in accordance with applicable
Federal and Commonwealth laws and any specific directions prescribed by the
Government .
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c¢. Grant the Government a right to enter, at reasonable times and in a
reasonable manner, upon land which the local sponsor owns or controls full
access to the project for the propose of inspection, and, if necessary, for the
purpose of completing, operating, maintaining, repairing, replacing, or
rehabilitating the project. 3

d. Hold and save the Government free from all damages arising for the
construction, operation, maintenance, repair, replacement, and rehabilitation
of the project and any project related bet . ept for d g due to
the fault or negligence of the Government or the Government's contractors.

e. Keep and maintain books, records, documents, and other evidence
pertaining to costs and expenses incurred pursuant to the project to the extent
and in such detail as will properly reflect total project costs.

f. Perform, or cause to be performed, any investigations for hazardous
substances that are determined necessary to identify the existence and extent
of any hazardous substances regulated under the Comprehensive Environmental

ise, Comp tion, and Liability Act (CERCLA), 42 USC 9601-9675, that may

exist in, on, or under lands, easements or rights-of-way necessary for the
construction, operation, and maintenance of the project.

g. Assume complete financial responsibility for all necessary cleanup and
response costs of any CERCLA regulated materials located in, on, or under
lands, easements, or rights-of-way ry for the uction, operation,
or maintenance of the project.

h. To the maximum extent practicable, operate, maintain, repair, replace
and rehabilitate the project in a manner that will not cause liability to arise
under CERCLA.

i. Participate in and comply with applicable Federal flood plain
management and flood insurance programs.

j. Prevent future encroachments on project lands, easements, and rights-
of-way which might interfere with the proper functioning of the project.

k. Not less than once each year, inform affected interests of the
limitations of the protection afforded by the project.

1. Publicize flood plain information in the area concerned and provide
this information to zoning and other regulatory agencies for their use in
preventing unwise future development in the flood plain and in adopting such
regulations as may be necessary to prevent unwise future development and to
ensure compatibility with protection levels provided by the project.

m. Comply with the applicable provisions of the Uniform Relocation
Assistance and Real Property Acquisition Policies Act of 1970, Public Law
91-646, as amended by Title IV of the Surface Transportation and Uniform
Relocation Assistance Act of 1987, Public Law 100-17, and the Uniform
Regulations contained in 49 CFR part 24, in acquiring lands, easements, and
rights-of-way, and performing relocations for construction, operation, and
maintenance of the project, and inform all affected persons of applicable
benefits, policies, and procedures in connection with said Act.

64



76

n. Comply with all applicable Federal and Commonwealth laws and
regulations, including Section 601 of Title VI of the Civil Rights Act of 1964,
Public Law 88-352, and Department of Defense Direction 5500.II issued pursuant
thereto and published in part 300 of title 32, case of Federal Regulations, as
well as Army Regulations 600-7, entitled “Nondiscrimination on the Basis of
Handicap in Programs and Activities Assisted or Conducted by the Department of
the Army."

The recommendations contained herein reflect the information available at
this time and current departmental policies governing formulation of individual
projects. They do not reflect program and budgeting priorities inherent in the
formulation of a national civil works construction program nor the perspective of

higher review levels within the Executive Branch. Consequently, the
recommendations may be modified before they are transmitted to the Congress as a
proposal for authorization and implementation of funding. However, prior to

transmittal to the Congress, the sponsor, the Commonwealth of Puerto Rico:
interested Federal agencies; and other parties will be advised of any
modifications and will be afforded an opportunity to comment further.

RY

onel, Corps of Engineers
ommanding

James A, Connell

w,:muml. us. Army

Acting District Enginest
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Envir 1A t
Flood Control Project

Rio Nigua at Salinas, Puerto Rico

1.00 SUMMARY.

This Envi al was prepared to comply with the National
Environmental Policy Act (NBPA) by d& ing envir tal issues
associated with building and operating a flood control project as
recommended by a study of flooding at Salinas, Puerto Rico by the U.S.
Army Corps of Engineers (Corps). The study was authorized by a resolution
adopted by the Cowmittee on Public Works and Transportation, United .
States House of Representatives, on October 1, 1986. The Department of
Natural and Environmental Resources (DNER) is the local sponsor for the
project.

The proposed action is construction of a flood control project on
the west side of Salinas municipic ocn the south coast of Puerto Rico,
consisting of two separate and discontinuous earthen levees along the
east bank of the Rfo Nigua. The levees would provide protection for the
rural commmity of El Coco and the town of Salinas, including Playa de
Salinas, against river over bank flooding. The recommended plan levee
for Salinas and Playa de Salinas is about 3 kilometers (1.8 miles) lomg.
It would begin behind the coastal dune berm and extend up to, and
slightly north of, Highway 52, with a short section extending eastward
from the main levee to p the Highway 1 - High 52 i ion
The levee crest elevation would vary between 5 meters (near its north
end) to 1.5 meters near the coast. The levee would be revetted on the
flood side. Most of this levee would be built over uplands, with
exceptions as noted below. The separate levee recommended for Coco
commmity, located about 3.2 Jam (2 mi.) upstream from Salinas, will be
about 4 km (2.5 mi.) long, average 3.7 meters (12 feet) high, and will be
protected by grassy side slopes. The Coco levee will be built entirely
over uplands. Both earthen levees will have 2.5 horizontal on 1 vertical
side sliopes and a 3 meter wide crowm. Additional features of the Salinas
levee are described herein. (1) Two bridges require removal and
documentation to Historic American Engineering Records (HAER) standards.
They are an old sugarcane railroad bridge and the existing bridge on
Highway 1 that crosses the river south of Salinas center. The highway
bridge will be replaced by a modern, high chord bridge and ramp
structures to provide ad e flood convey . An additional cultural
resource, part of am historic archeclogical site, may be impacted by the
project, requiring further studies and documentation. {2) Fill materials
consisting of levee revetment and one concrete bridge pier may be placed
in the river channel over an aggregate of less than one acre. (3) Re-
alignment of the existing river channel is proposed, both north of the
Highway 1 bridge and north of the railroad bridge, over an aggregate of
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less than 1.9 acres, to avoid relocating numerous residential structures.
{4) 30 resid and 2 ¢ cial buildings may require removal and
relocation of the residents; (S) An unpaved ford across the river, south
of Highway 52, will be removed and a substitute access road to the west
bank will be provided, begimming at the new Highway 1 bridge to be built.

(6) A ramp will be built over the levee in the coast lowlands, south of
Salinas, to provide access to coastal praperties near the river mouth,
east bank, that would otherwise lose the ded plan
will not significantly change river flow or dischaxvge to the coast or
invade the estuary, no adverse secondary effects of plan implementation
on coastal natural resources are expected. P d envir 1
beneﬁts include improvements in public safety , reduction of flood

ges to resid . €€ , public buildings and agricultural crops,

increased employment and reduced flood i costs.

No significant natural resources would be adversely affected by the
project: no threatened or endangered species, coastal barrier resource
segments, wetlands areas, or significant fish and wildlife habitat would
be adversely affected; and therefore no fish and wildlife mitigation
actions are proposed. Resource agencies consulted during coordination of
the Draft R.epor: and EA concurred with this determination. an

d tank jated with a gasoline station located near the
Highway 1 bridge may be affected, and an estimate for removal and
remediation are included in the cost estimate. An estimate for the cost
of cultural resources mitigation is also included in the project cost
estimate. Cultural resources mitigation, if these properties camnot be
avoided, would consist of further studies and documentation, if
neceasary, for the archeological site, and documentation to Historic
American Engineering Record (HAER) standards, for the bridge(s). The
State Historic Preservatiom Officer (SHPO) has concurred with this
determination and further requested investigation to determine if
significant v laxr are 1 ted in the project footprint.

After evaluation of the probable positive and adverse effects of
the considered project on the human and natural environment of the study
area, and considering that complete mitigation measures for any potential
adverse effects have been identified, a finding of no significant impact
(PONSI) has been written and is included in this report and EA. This
Envi 1 A and the Preliminary Finding associated with it
were coordinated with concerned agencies and individuals as shown at
Attachment A, beginning on May 7, 1996. A Public Meeting was held in
Salinas, Puerto Rico, on May 23, 1996, to provide additional opportunity
for interested citizens to inform themselves about study results and the
recommended plan No adverse comments, either oral or written, were
received.

2.00 PROJECT LOCATION. The Rio Nigua study and project area is located on
the south coast of Puerto Rico, approximately 33 kilometers (21 miles)
east of Ponce. The river arises in the central mountains, entering the

75



87

upper 1 area th gh Camp Santiago National Guard Base, to the west
side of the rural commmity of Coco. It crosses under Las Américas
Expressway (Highway PR-52) and passes along the west side of the
municipalit:y of Salinas, including the Playa de Salinas meighborhood,

hing the coast. All significant urbanization has occurred om
the east bank of Rio Nigua.

3.00 PURPOSE OF AND MERD FOR ACTION. The purpose of the study was to
investigate alternatives and identify a feasible plan to alleviate
flooding problems affecting the urban area of Salinas and Playa de
Salinas, and in Coco rural commumity.

High rainfall in the headwaters area, p upper slopes, lack of
dense plmt cover in the middle river basin, and high impermeability of
the e that ch cterize most of the upper Rio Nigua basin promote

fast runoff and allow minimal infiltration of the surface water. These
factors combine with high intensity and long duration rainfall to produce
over bank flooding in the lower part of the basin, particularly in the
town of Salinas and surrounding commmities. . Coco commmity is a rural
satellite of Salinas, located several kilometers upstream, along the east
side of Highway 1. Coco is also affected by flooding from river
overflow. It is a relatively compact residential area, separated from
town by undeveloped, open land.

3.01 Historic Floods. Salinas, including the *Playa® sector, and Coco
have been inundated several times by the overflow of Rio Nigua. The last
major flood in Salinas was the "Three Kings Day" flood of January, 1992.
A major flood, reported in the Flood Atlas for the region (Baire, 1971),
occurred in October, 1970. This well-d d flood, jponding to
a 10-year recurrence event, was used to calibrate Corps models. Por
additional discussion of flood probability and ges refer to Main
Report Appendix A (Bydrology and Hydraulics).

3.02 Potenptial Flood Damages. The majority of Salinas' estimated
28,000+ residents live in flood prone areas. About 3,022 families, more

than 250 ial stry , a of public buildings, roads, water
and sewer lines, power lines and commmications utilities are within the
100-year flood zome. Agricultural areas lc d heast of the url

center also are flood prone; these areas are gradually couverting fxom
sugar cane to “minor fruits” (pineapple, winter crops including peppers,
oniocns and tomatoes).

3.03 Flood Damage. Floodable areas under existing conditions are shown
in Main Report Plate 2. Estimates of potential damages associated with
different flood frequencies for existing conditions are discussed in Main
Report Paragraph V.A.6. Total expected annual dawages under existing
(without project) conditions are $1,152,000 for the Salinas-Playa area
and an additional $1,700,400 for Coco commmity.
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3.04. Goals, Planning Objectives and Constraints. The overall goal was

to design a flood control project that would protect lives, minimize
financial and personal property damages, minimize economic and social
disruption, enhance regiocmal growth opportunities, and avoid adverse
effects on significant natural and cultural resources, including species
of special concern, wetlands, designated coastal barriers, historic and
archeological resources.

4.00 PROPOSED ACTION. The recommended plan involves building two
separate earthen levees that would protect Coco commmity and the town of
Salinas, including Playa de Salinas (Salinas Port). Refer to the Main
Report plates and Appendix A Plates for details of the proposed works.
The levees are described, as required by Corps of Engineers policy, in
accordance with the results of risk and uncertainty analysis. Please
refer to Appendix 1 of the Main Report (Hydrology and Hydraulics) for an
explanation. Levees would be of earthen comstruction, with 2.5
horizontal to 1 vertical side slopes and a 3 m (10 foot) top width. The
Coco levee would d h d inside the Camp Santiago fence,
along the western side of the commmity, west of Highway PR-1,
paralleling the highway for about 4 km (2.5 mi.). Levee height would
average 3.8 m (12 feet) at the design section, and the levee would
provide better than 100-year protection (0.33% probability of overtopping
in any year, equivalent to a 300-year flood). This levee would run along
the grassed east bank of the river. The ded levee corresponds to
the National ic Develor (NED) plan levee.

The Salinas levee would begin 730 meters upstream of Highway 52 at
Highway 1, rumning along Highway 1 to high ground at the PR-52 overpass,
where it would be truncated. A short spur levee would start at the
upstream side of the east ab of the Highway 52 bridge, follow a
highway access ramp, and end downstream from the highway’s exit ramp to
PR Highway 154. This spur levee would be protected on the floodside with
gabions. On the h of the overp the main Salinas levee would extend
southward along the east bank of the river to a point below the railrcad
bridge; southward from this point the low levee would lead nearly due
‘south to a point just north of the coast line, thereby avoiding the
[ 1 Barrier at the river mouth. Levee height would be about
S m (16.5 ft) at the northern end, decreasing from the Highway 52
overpass to the mouth, where it would be 1.5 m high. Levee height at the
cross-gection used for sizing (risk and uncertainty), in Salinas town,
would be 4.5 m (15 ft) high. The levee would provide at least SPF-level
protection (0.01% probability of overtopping). This is the NED plan
levee. Other features of the recommended Salinas levee include: {(1)minor

h 1 reali 8 requiring fill of 1.9 acres of eastern-side channel
bottom and excavation of an equivalent 1.9 acres of west-side bank, at
locations just north of the Highway 1 bridge and near the old railroad
bridge; 2)replacement of the Highway #1 bridge on the south side of
Salinas, ramping this highway up over the levee to the level of the new
high chord bridge; (3) removal of 30 resid and 2 cc¢ cial
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buildings, all in the vicinity of the bridge removal, ramps or channel
re-alignment, with relocation of the affected families; (4)removal of an
unpaved ford over the Rio Nigua located just south of PR-52, substituting
access to the buildings and businesses thus isolated via the new Highway
1 bridge and a new, west bank access road to be built; (5) ramping an
unpaved agricultural access road over the levee near its southern
terminus to provide access to 60 acres of agri-cultural lands that would
otherwise be isclated, and(6)provision of interior drainage channels on
the protected side of the levee and construction of three flap-gated
culvert str to y £lood drainage from the protected to the
flood side of the levee. The X ded plan it will be

ry to r and d a deteriorated historic agricultural
railroad bridge 1lc d in the floodway. A radio station and gasoline
station located near the Highway 1 bridge over the river may be affected
by the project. If the gasoline statiom is aff d, its d d
tank way need to be removed, and this removal has been accounted for in
the project cost estimate, although avoidance is the preferred
alternative.

5.00 ALTERMATIVES TO THE PROPOSED PLAN.

5.01 No-action and Nom-structural Alternatives. The no-action
alternative would allow flooding to continue as at present. Potential
flood threat to life, property, and health would comtinue to limit

ic develop of the area. Periodic disruption of economic
activities and services at the local and regional levels would impair
opportunities for further ic develop .

Non-struccural weasures considered included flood and storm surge
early warning systems, flood plain wanagement regulations (enforced by
the Puerto Rico Plamning Boaxd), flood insurance, evacuation and housing
relocation. Rconomically viable non-structural alternatives are assumed
to be in operation under all final alternative plans. Flood plain
wmanagement is mlﬂmtedbythemrbonicoplmingnourdthmighiu
Regulation #13 (regulating new developments in flood-prone areas). This
regulation severely restricts subdivision, development and encroachment
into the 100-year flood plain, but camnot apply retroactively to
develop that d prior to its adoption. Applicatiom of
Regulation 13 in Salinas, in the absence of effective structural flood
control . has ly hampered new residential, commercial and
i ial develop during r t years, as noted in the Main Report.
The undeveloped lands adjacent to the town on the east bank, while
uplands, are all within the 100-year flood plain. A flash flood alert
system is in place on the upper Nigua watershed, and will complement the
proposed project. Voluntary participation in federally-subsidized flood
insurance programs has been low due to the relatively high perceived cost
of the coverage, but i is available in Puerto Rico. Insurance
can only P e for property damag and does not address risks to
life and limb. Other non-structural measures considered include stream
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cl and P ry or p flood plain evacuation. Stream
cleanup (removal of trash, debris and obstructing vegetation) would
reduce minor flooding and is a desirable alternative, even in the absence
of any other m.ux'u, but would not provide significant protectiom from

low y., high ge floods that were the subject of this
study. Rout;:l.nc clun.ing of flood-prone stream reaches is a functiom of
the Department of Natural and Environmemtal undex ( 1th

funding, and can be presumed to occur under all considered alternatives.

T ion of p and p 1 perty from flood
prone u'eu eould be accolplished when a flood thrut exigts, if
sufficient advance warning of flood conditions is available. Temporary
evacuation can be very effective when operated in conjunction with a
reliable flood forecasting system. Such a system (called "ALERT* for
Automated Local Bvaluation in Real Time) is in operation on Rio Nigua.
It relies on sensors placed in the upper watershed to alert Civil Defense
personnel to imminent floods and trigger mobilization and evacuation of
affected areas. The ALERT system has been installed on the Rfo Nigua,
which has an extremely steep upper watershed, leading to short duration
flood peaks that allow little time for prior evacuation. Temporary
evacuation would help to reduce flood risk to life and limb, but lead
tiwmes are very short, making complete evacuation difficult; wmoreover,
since most of the property subject to flooding is immcbile, there still
are considerable economic losses. Municipal Civil Defense likewise has a

ion plan, to alert residents to ccastal flood hazards.
Ingenmlcha:eiagmtez *"lead time" to £ 1 resid as
a Ho , the single road leading from FPlaya de
sdm-b.d:htotomwul flood from the river if rainy weather begins
in the highlands before a coastal surge hits; this creates a dangerous
situation requiring early and vig to wvulnerable
coastal areas, starting before over bank flooding becowmes imminent.

Permanent flood plain evacuation could be used to reduce flood
damege potential. Such a wmeasure would involve land purchase, removal of
buildings and improvements, and relocation of the population to
alternate, suitable housing. However, the area is densely populated.
Permanent evacuation of the flood plain is practicable only when a
relatively small number of structures, of ‘low value, are located in the
flooded area. In the case of Salinas and El Coco, these conditions were
not wet: more than 3,000 families and hundreds of busi and public
buildings would be involved. This measure was not considered further due
to its extremely high cost.

5.02 Structural Alternatives.

Preliminary str 1 es eval d include flood retention
(building an upstream reservoir), flood proofing, ch 1 impro '
floodwalls and levees. No suitable reservoir sites could be found
upstream on the Rfo Niguas; the upper watershed is very steep and narrow.
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Flood proofing would require raising a large number of structures that
are mow inundated, so that they would remain above design flood stages.
It was not considered further because it would have been as costly as
permanent relocation, and would not have allowed to busi or
residences during floods.

Ch 1 dmp were considered among the preliminary
altermatives eval d. ¢h 1 imp: requires relatively large
quantities of excavation and disposal; furthexmore, the excavated channel
would require costly periodic mai Any ch 1l impr in
the lower part of the river would have required avoidance of the
designated Coastal Barrier around the river wouth. Ch 1 impr
were retained only for the cut and £ill channel relocation needed near
the Highway 1 bridge on the west side of town, where the only available
alignment for the east bank levee would encroach on the existing channel.
This improvement is really a re-sculpting of the river bed, involving
placement of £ill on the east bank and complementary excavation along the

west bank to provide a tion parable to the river prior to
comstruction.

Floodwalls and levees. Flood walls and 1 are es capable
of duci the flooding problem in the study area. L were d

to be efficient and practical because most flooding occurs along the east
river bank; nearby quarries were identified, capable of producing
sufficient levee material, and levees are a relatively low-cost flood
control alternative. Advanced plan formulation optimized the length,
height and alignment of the levees to provide greatest net annual
benefits in relation to project costs.

€.00 AFFECTED EMVIROMMENT.

This section will provide a description of existing resources in
the immediate project area followed by a descriptiom of future conditiocns
based on a without project comndition that assumes that no action is taken
to correct the flooding problem.

6.01 General Enviropmenta) Setting. Rfo Nigua originates in the
Cordillera ( 1 (the 1 east-west trending mountain range that is
the watershed divide for Puerto Rico) near the town of Cayey, at.an
elevation of about 860 meters (2,821 feet). The river flows
approximately 29 kilometers (18 miles) d the h t, passing west
of the town of Salinas, to discharge into the Caribbean Sea. High
mountains of volcanic origin are common in the northern and northeastern
part of the basin. The topography of the scuthern portion is
characterized by gentle sloping hills and a coastal plain. The coastal
plain is separated from the rest of the basin by PR Highway 52 which
crosses the flood plain from east to west. There are few diversion
structures within the basin. Those that exist are being used for
irrigation and water supply, and their storage capacity is very small.
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The uppermost part of the watershed is wet, receiving significant amounts
of rainfall during all months of the year. In contrast, the south
coastal area is in the *rain shadow®™ of the central range, which
intercepts a significant fraction of the moisture present in the
prevailing easterly trade winds. The average annual rainfall within the

basin varies from 156 centimeters (77 inches) in the head to 112
centi (44 inches) in the lower coastal plain. There is a
d dry most years, begimning in January and often lasting

f.hrough.‘mlyorea:lynngust. HRurricanes and tropical storms can produce
very heavy rainfalls late in summer and into the fall. Cold fronts may
also create heavy rainfalls during winter and early spring. Around
Salinas, at least seven out of twelve months are arid. During the long
dry seascn, water entering the middle reaches of the river is exposed to
several miles of unshaded gravel bed, and almost all of the flow
percolates into the alluvial fan or evaporates, leaving only a trickle at
the level of el Coco and Salinas.

The principal scil types found in the basin are Descalabrado-Rockland
complex, Caguabo clay loam, Jfcana clay, Guaman{ silty clay locam, and
cobbly alluvial land. These soil groups produce high runoff with a slow
infiltration rate. The cobbly alluvial land and the Guamanf soils occur
along streams, rivers, and in the river flood plain. In the steep
mountainous headwaters of the river, soils are shallow to bedrock, with
little water holding capacity. The upper Nigua watershed is heavily
forested; parts are in the Carite Commonwealth Forest. Agriculture
predominates in the lowlands and along the flood plain: it includes horse
and cattle ranches, irrigated sugar cane farws, and smaller wminor fruit
c:npacz‘-sc mmmwmmmmmmmu

i ; and some lands are converting to more economically
tavonble winter vegetable cropping from sugar cane. An irrigation
system is in operation to complement the relatively low amount of
rainfall that commonly falls in this semiarid regiom.

Opposite el Coco rural commmity, the very large Camp Santiago
Natural Guard base covers the middle and parts of the upper watershed on
the west river bank. Camp Santiago is a major military training base
which seasonally hosts a significant influx of guardsmen and other
military units visiting from off-island to participate in tropical
training exercises. The housing areas of the base are not inside the
flood zone. Use of Camp Santiago is expected to continue as at present.

Residential, commercial, industrial and public uses are those most
affected by flooding. Service-related employment is more important than
agriculture as a source of income in Salinas, with about 39% of the

population engaged in gow service. This economic activity is
affected severely and adversely by over bank flooding. Low-stage
flooding occurs f ly, as d ed in the Main Report. Expansion

of the town center of Salinas and developwent or diversification of the
economic sector have been constrained by Planning Regulations now in
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place, since all of the undeveloped floodplain lands adjacent to the
population centers is in the 100-year floodplain, subjecting them to the
constraints of Planning Regulation 13. (Any development must be raised
above the 100-year flood level and may not significantly worsen flooding
in the remaining floodway). This situation will continue as at present
in the absence of flood control measures. Flooding can also cause
considerable damage to crops under existing conditions. Sugar cane, the
traditional crop in this area, is not greatly damaged by short-duration
flooding, except during the harvest period; however, such crops as
pineapple, plantains, bananas, and swinter” vegetables can be lost to
early (June-July) or late (October-D: ber) wet flooding.

6.02 Bioclogical Resources, The Rfo Nigua is typical of south coast
rivers: it g 1lly experi low to intermittent flow during the long

dry seascn. High water flows are usually associated with short duration
flash flood events. Original (climax) vegetation on the central-south
coast was a semi-deciduous forest dominated by Bucida buceras (ucar) and
other drought tolerant hardwoods (Ewel and Whitmore 1973) . Most of the
1mdammmdingthemiddleandlmtrive:havebeenmmdto
grassland (pasture) or irrigated row-crop agriculture (sugarcane). A
large part of the middle watershed is occupied by Camp Santiago, which
has been almost completely deforested by past unchecked wildfires and now
is covered by a sparse grassland. The Commonwealth of Puerto Rico’s
Natural Heritage program reports no significant wildlife or fish species
from the lower lands of Camp Santiago. Private lands above and to the
east of Camp Santiago appear heavily overgrazed. At the lower end of the
flood plain the river estuary is short, consisting of sparse mangroves
developed over the river mouth delta gravel. The river's intermittent
flow regime limits the size of the trees and the spread of the mangrove
forest and tidal wetlands at the mouth of the river, since salt levels
build up in the soils during each dry season. The river mouth delta is a
designated Coastal Barrier (PR-47), and it provides the only significant
wetlands and wetland-associated bird habitat in the study area. Upstream
of the river mouth parallel to the coast on both river banks is a beach
ridge which is covered with a dense mesquite (Prosopis juliflora)
woodland. Upstream of the mesquite scrub the natural low flow channel
widens, forming dense stands of giant sedge (Cyperus giganteus) and
cattails (Typha domingensis) in the low wet areas where water is either
ponded or the soils stay saturated for long periods of time. On both
sides of the low flow channel the bank abruptly rises 5-10 feet to a
terrace that supports scattered individual upland trees and grasses.
Common species include West Indian elm(Guazuma ulmifolia), silk-
cottor{Ceiba p dra), the *g 4% (Pithecellobium dulcis), acacias
(A. tortuosa, A. farmesiana) saman(Pithecellobium saman) and others.
This channel form -- a wet low flow bottom with bordering higher dry
terraces -- extends upstream through the rest of the project area.

wildlife in the study area is.limited by the sparse plant cover,
human disturbance and limited feeding and nesting areas. Upland birds
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are the most conspicuous faunal element. Common species include greatex
Antillean grackle, smooth-billed ani, zenaida, white-winged and mourning
doves, ground dove, gray kingbird, mockingbird, pearly-eyed thrasher,
bananaquit, and Adelaide's warbler. Common lizards include the *siguana®
(Ameiva exsul), grass and tree anoles (aAnolis pulchellus, Anolis
cristatelius). The commonest amphibians are the south American toad
(Bufo marinus) and the white-lipped frog (Leptodactylus albilabris). No
significant wildlife elements are associated with the uplands above the

h 1l and t --either in the private, agricultural lands
surrounding Salinas, Playa and Coco commmities or inside lower Camp
Santiago. There are likewise no significant wildlife elements located in
any of the potential excavated material disposal sites. These areas
are p ly g d and (infreq ly) subjected to fires during the dry
seascon; their lack of dense shrub and tree cover and use for grazing
severely limit their habitat value.

6.03 Threateped or Endangered Species, The U.S. Fish and Wildlife
Service (USFWS) by letter dated April 8, 1993 identified the Antillean
{Trichech , E), Yellow-shouldered blackbird (Agelaius
h E), ¢kabill sea turtle (Eretmochelys imbricata, E), and the
Brown pelican (Pelecanus occidentalis, E) as the only species which might
potentially occur within the project area. Subsequent coordination as the
study and plans developed eliminated Service concerns with these species,
all of which are coastal. The Final Coordination Act Report submitted in
g 1995 ( h BA-D) documented that none of the named species
are present in the project's footprint or likely to be adversely
affected.

6.04 Cultural, Bistoxical. and Archeoclogical Resouxces, Archival
research and cultural resource field investigations were conducted for
the area of proposed impact for the Rfo Nigua flood control study. The
results of these investigations are included in the report Cultural
Resources Survey of the Rio Nigua Flood Coatrol Study, Nunicipio of
Salinas, Puerto Rico (Cingquino 1995), which was submitted to the
Jacksonville District by Panamerican Consultants. Field investigations
identified a total of 21 cultural sites. The archeclogist recommended
that eight of these resources may be significant and eligible for
inclusion in the National Register of Hiatoric Places. Identified
resources include: the concrete bridge on Highway 1, constructed 1939;
1905 railroad bridge; railroad water tank; segments of a historic
irrigation system; a historic archeological site; and three prehistoric
archeological sites. The irrigation system and three prehistoric sites
were all located in a disposal area which had been proposed for the
project. An alternate disposal site was identified and was subjected to
field investigations ch d by Jack ille District archeologist,
David McCullough. No cultural materials were identified in the disposal
area located south of Highway 52 and west of the town of Salinas.
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6.05 Hater Ouality. The general quality of surface waters of the
island, especially in the coastal fringe, is poor. Coliform standards
violations occur frequently; they are probably due to a large rural
population lacking adequate waste disposal facilities, inefficient
treatment and disinfection of waste waters at treatment plants, and an
increased land area dedicated to dairy farms and pasture. Surface waters
from this river are not used for potable water supply in the coastal
river segment, because of the intermittent nature of the supply.

Development of rivers for direct contact recreation, especially
near the coast, is not posaible b 4 ion p a public
hazard due of the risk of diseases. Drinking water for Salinas comes
from a series of wells operated and maintained by the Puerto Rico

Aqueduct and Sewer Authority (PRASA).
6.06 Hazardous Toxic and Radiological Wastes (HTRW). Apreli-nin-ry

assessment was conducted in May 1993 to add the exi
ial for of contamination on :I.mdl including st:ructure.
and-ﬂ-ugedlmdl in the Rfo Nigua at Salinas project/study area. The
preliminary assessmant included a project review, site
literature/document review, and site recomnaissance. During each
assessment, the following signs of potential HTRW problems were looked
for:

Landfills, dumps or disposal ; burning or d areas; tanks
{und and or surface); vats, lagoons, pmd.orhasm,-lmp:lu,
excavations (pits, quarries, borrow areas); wells; containers of
unidentified substances; spills, seepage or slicks; odors; dead or
stressed vegetation (brown, cpott:.d cu:l.d or withered leaves); water
treatment plants; ditches, or ep ions; ds and dirt
piles; transport areas (i.e., boat yards, harb rail yards, airports,
truck terminals); and abandoned buildings.

The Rio Nigua project site was saudited on 26 May 1993 with negative
results. After the project final footprint was developed, the site was
re-visited in late 1995. The proposed borrow/disposal sites were also
checked at this time, with negative results. At this second visit it
was noted that a gascline station located near the existing Righway 1
bridge over the river might require 1 to A the Salinae
levee, new bridge or road ramps. There is an underground storage tank
u-ochtod with this station, but it is not known if it is a source of

ion Its p has been noted and a contingency estimate
for its removal and u-ochted remediation, should this prove necessary,
has been made.

6.07 Assthatic Resources., Consideration of aesthetic resources within
the project study area is required by the National Environmental Policy
Act of 1969 (NEPA), as amended, and ER 1105-2-100. Aesthetic resources
are defined as "those natural and cultural features of the environment
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that elicit a pleasurable response® in the observer, most notably from
the predominantly visual sense. Consequently, "aesthetic resources are
commonly referred to as visual resources,...features which can
potentially be geen.” Existing viewsheds within the study area encompass
the central mountain range to the north, the Caribbean sea to the south
(visible from most of El Coco), trees and shrubs along the river channel,
and grassy pastures along most of the undeveloped west bank. At the
rural Coco commmity, Camp Santiago's rolling grasslands are dramatically
backed by the abrupt saw-toothed ridge of La Cordillera-the central
mountains. El Coco is a typical rural roadside commmity, only a few
streets across, made up of single-story wood and block residences, and

surrounded by open countryside.

South of the Hwy. 52 bridge, Salinas is a densely-packed tr.ditiml
community, with most multi-story buildings ated a 1
Plaza and facing inward, located several blocks away from the river. The
channel east bank is lined with smaller, single story concrete
residences. The opposite bank is mostly open p . d the th
side of town, just north of the Highway 1 bridge crossing, a swall
outlying community comprising a few wooden or wood and concrete block
single-story residences encroaches on the west channel bank. Behind this
commmity, on the opposite side of a secondary road, is a traditiomal
fenced cemetery. Farther south, the river channel continues towaxd the
southwest, away from residential develog . The 1 *playa"
neighborhood has no view of the river. Under existing conditions no
significant changes in the visual resources of the study area are
expected.

6.08 Recreation. Authority to consider Federal development of project-
related ion is contained in Sectiom 103 (c) (4) of the
1986 Water Develop Act. Basic legislation is further
atfected by the Land and Water Conservation Fund Act (Public Law 88-578),
the Federal Water Project Recreation Act (Public Law 89-72), and the
¥Water Resources Development Act of 1986 (Public Law 99-662). The Corps'
objective in terms of recreational development is to "fully comnsider the
recreation potential that may be applied at Corps Civil Works

Projects® (ER 1165-2-400) . d on inf ion provided by the Puerto
Rico ide ¢ ive outd R ion Plan (SCORP), the

following rocmcial facilities can be found in the Salinas Municipality:
15 Baseball & Softball Fields; 16 Basketball Courts; 4 Passive Parke; 3
Cockfight Rings; 6 Recreation Centers; 1 athletic field; 1 swimming’ -
beach; 4 recreation facilities; 1 golf course. The existing recreation
facilities have a high use rate and are £ ed to i in the
future.

6.09 Noise. Ambient noise levels in the project area are low to
moderate. The major noise producing sources are vehicular traffic within
the residential areas along the river and through traffic along the Las
Américas Expressway (Highway PR-52) and Highway 1. However, this main
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road is mainly lined with public and commercial buildings as it leads
west out of Salinas center and crosses the river. These sources are
expected to continue at their present noise levels. Noise in the future
will increase, if the threat of flooding is eliminated, as residential
and co-lercm development increases in affected commmities.

6.10 m quualityintheniouigunamilgooddnntoche
influence of steady on- or offsh . As in wost coastal
areas of Puerto Rico a sea br land b Y develops over most
of the year. Mummmjwmtmmmﬂmmnmd the
are a refinery and a government owned
electric power generating plant, both located in Guayama, about 8
kilometers and 12 kilometers distant upwind from town.

The Puerto Rico Environmental Quality Board, Air Quality Division
classifies the Rio Nigua project area as an attainment area. Ko

app iable & in air quality is expected in the .
6.11 Socioscopomic Conditions, The Municipality of Salinas covers an
area of 179 sqn kil (69 sqn miles). Flooding and high

unemployment rates have inhibited the urban exp ion and
development of the town.

The principal urban areas within the Rio Nigua flood plain are the
town of Salinas and the ities of Sab Llana, Coco, and Playa.
Portions of Camp Santiago, a wmilitary installation used for training by
the Puerto Rico Natiomal Guard and U.S. Navy commmications facilities,
also are within this flood plain. The "pusblo” or town sector is the
main urban center of the Municipality, a relatively small dense area
located along the margins of the Rfo Nigua. About half of the total
population lives within the flood plain. Many. commercial buildings and
the public hospitals are within the floodable area. 'n:. Municipality is
connected to the island's primary higl h PR Highways 1,
3, and 52. There are several ucmdandchitdczdnruwm
municipal roads linking all the "barrios® and rural communities with each
other and with the neighboring mmicipalities.

The wmost iwmportant i and employ gmnttngmuvitiumcho
study area are government, agriculture and ing, with
commercial fishing, and services accounting for the remainder. About 39
per cent of employment is in the government sector, and an additional 22
per cent is in agriculture. Unemployment is relatively high and is likely
to remain so. Many of the residents of areas immediately adjacent to the
river and most flood-prome enjoy a relatively low incowme.

6.12 Coastal Barrier Resources. The mouth of the Rio Nigua encompasses
Coastal Barrier Resource System unit PR-47, as designated by Congress in
the Coastal Barrier Improvement Act of 1990. The unit extends
approximately 0.65 kilometers (2,100 feet) on both sides of the river
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mouth along the coast. At the river mouth the unit extends approximately
0.4 kilometers (1,400 feet) inland, to include the wetlands areas
described in Paragraph 6.02.

7.00 ENVIROMMENTAL EFFECTS.

7.01 Qeneral Environmental Effects. The proposed flood control plan

would build two di i 1 along the eastern bank of Rio Nigua,
with associated construction borrow, disposal, earth movement, bridge
T 1 and repl at Highway 1, gabion protection of the flood side

at Salinas, insnnatim of drainage structures (culverts), replacement
of road accesses and minor realignment of the main channel near the
Highway 1 river ing to for h on the east river
bedbytheexinti.ngund P d flood 1 levee. S8ince the
recommended plan does not include measures to divert, retain or detain
river flows, few significant effects on the natural enviromment of
Salinas and Coco commmnity will occur as a result of plan implementation.
As discussed in the main report and in detail below, the following minor
effects have been identified and will be add d: An i d 30
residential structures will be removed; there will be some temporary
increase in general background noise adjacent to Coco and Salinas town,
as earth moving activities related to levee construction occur; Due to
the arid climate and large amounts of material to be moved, a potential
will exist for comstruction machinery to generate fugitive dust; however,
all applicable management practices to avoid dust million, such as
protection of loads, tti down of tesp y haul , and oth

will be incorporated into project specifications. The Corps' ea:tnct:o:
would be monitored for compliance with specifications and air quality

regulations.

Removal and relocation of residences has been minimized. The east
bank of the river, in Salinas itself, is lined with family residences. A
low “levee” of concrete, built as part of a local flood reduction project
some years ago, extends up to the rear entrances of many of these
residences. This concrete apron is not high encugh to offer any real
flood protection benefits. 1In this area the river channel will be
slightly re-aligned-toward the west, to avoid the need to remove an
entire line of the east bank residences and in so doing, disrupt a long-
established neighborhood. Unfortunately, a smaller number of residences
on the west bank will need to be r d to the re-ali
of the channel.

Noise control measures include construction only during normal
daylight hours (probably, 7-3:30 or 7:30-4), monitoring the contractor to
assure proper noise control devices (mufflers, etc.) are operating on all
earth-moving equipment; and routing dump trucks, etc. on roads cutside of
the town center. The project will be constructed in compliance with
local maximum noise levels and is not expected to generate nuisance noise
levels nor interfere with normal activities.
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Traffic congestion could be a problem during replacement activities
for the bridge on Highway 1 over the river. However, the all-season
(elevated) nearby Highway 52 offers a ready altermative for by-passing
the congested area. Care will be taken to coordinate closely with the
Puerto Rico Highways Authority to that 3 & ge is
of the dry season (when the river is little more than a trickle and
easily d with temp y fords) and that route detours are carefully

planned and executed to avoid Y tion at Salinas center.

7.02 Biological Resources., General construction activities will cause
only temporary adverse effects on wildlife and fish resources in the
river channel. The proposed upland borrow and disposal areas were
examined by Corps and FWS biologists. They do not support significant
wildlife elements. Lands will be restored to gentle contours after
borrow/disposal activities and will be re-grassed (that is, existing
dominant vegetation will be replaced). Lands used for borrow/disposal are
expected to revert to prior use (pasture or wilitary training). The
levee elements of the recommended project would be built on uplands
except for a short stretch (about 0.7 ha or 1.9 acres) of the Salinas
town levee (just north of the Highway 1 bridge and pear the railroad
bridge) . In this area, a short section of the wast bank will be
excavated (graded down) to provide conveyance to replace the existing
river bed, where the east bank would be filled by the levee. The "cut
and £i11% quantity is estimated to be about 96,000 cubic m (125,000 cubic
yd) of material. The aquatic bed wetlands affected are nearly devoid of
vegetation, due to the existence of an old concrete floodwall along this
channel section. Shrub and emergent wetlands (probably dominated by
Cleome and umbrella sedge) are expected to develop on the fringe of the
realigned channel. Fish and shrimp species that inhabit or migrate
through the channel will be disturbed for the duration of comstructiom;
typically these species are displaced up- or downstream and can avoid the
small area where the east levee will encroach on the river bed. Neither
FWS nor the Corps considered this a significant effect, and no mitigation
is pl d. In a non-veg d ( e} ch 1 bank will be
replaced by ion. The preliminary alignment would also
have buried a small area of coastal wetlands, but this impact was avoided
by levee redesign during formulation of final plans. Levee floodside

and repl of a bridge pier will also result in
minor deposits of materials inside the waters of the river, but the area
to be covered is less than one acre, in the aggregate, and the materials
are inert in nature, and not expected to cause any adverse effects.
Most of the levee revetment will be installed on levees traversing
uplands (above the “normal” or low-flow water line). After a preliminary
alignment was developed, Corps staff inspected the entire flood control
study area with staff of the U.S. Fish and Wildlife Sexvice, Boquerén
Field office. A small area of coastal salt-flat wetlands was identified
adjacent to the recommended project levee aligmment. Siting the levee
over these wetlands, considered significant wildlife habitat by FWS,
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would have required compensatory mitigation. As a result of further
hydraulic analyses and optimization of levee heights and widths, the
coastal levee was realigned to avoid these wetlands coupletely. The Fish
and Wildlife Coordipation Act Report ( h EA-D) 4 8
resolution of wetlands concerns.

7.03 Threatened or Endangered Species, Federally protected species
known to inhabit the general area are marine, dep
coastal-nesting. No protected species have been :ldan:itied in the project
footpri.nt and neither primary nor secondary adverse effects are

No C 1th species of special concern were identified in
the project area. The Coco levee will run through sparse grassland, and
the Salinas levee will run alongside the urbanized east bank of the
river, azd.ing nor:h of the coast. FWS has stated that it does not expect
the str to affect listed species.

7.04¢ Qultural, Historical, and Archeglogical Resources., As discussed in
section 6.04 of this envi 1 & eight significant historic
resources were identified during cultural resource investigations for
this study. Identified rescurces include: the concrete bridge on
Highway 1, d 1939; 1905 railroad bridge; railroad water tank;
segments of a historic irrigation system; a historic archeological site;
and three prehistoric archeological sites. An alternate disposal area
was selected, allowing the project to avoid iwmpacting the historic
irrigation system and the three prehistoric archeological sites. The
railroad water tank appears to be outside of the proposed area of impact
and can also be avoided. The historic railroad bridge may still be

d by the C 1th of Puerto Rico prior to project comstructiom,
but is assumed to be in the project footprint and subject to mitigation
by documentation.

Historic properties which may be affected by the Federal project,
as currently proposed, include the Highway 1 bridge, the railroad bridge
and a historic archeological site. The project's affects on these
resources will be adverse and will require mitigatiom. Proposed
wmitigation for loss of the bridge(s) includes documentation to Historic

American Engineering d (HAER) dards. Additional fieldwork will
be conducted for the archeological site and a data recovery plan will be
developed, if 4 ined y. The draft cultural resource report

and proposed mitigation were coordinated with the Puertc Rico State
Historic Preservation Officer. 1In a letter dated January 11, 1995, SHPO
concurred with the District's determinations of effect and proposed
mitigation. SHPO also concurred with the draft BA, in a letter dated May
28, 1996. SHPO has requested that the District determine if the flood
control project will affect significant vernacular structures. If such
structures are significant and will pe adversely affected by project
construction, the SHPO has req ed ion of those structures.
The Corps concurs with this recommendation, but does not anticipate that
the project will affect significant vernacular structures.
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7.05 Hater Quality. Short texm increases in water turbidity are
expected due to construction activities. All appropriate management
measures to reduce water turbidity during construction will be adopted
and incorporated into project specificatioms. It is believed that
conditions would return to mormal socn after construction activities have
terminated.

7.06 Hazardoua. Toxic and Radiological Wastes. The preliminary survey
and the follow-up conducted in late 1995 did not idemntify any area of
ETRW ination. The und d tank jated with the gasoline
station is not a nown source of ground contamination, but it will be
removed if it falls within the project footprint. The project cost
estimate includes an estimate of the cost of tank removal and
remediation, if required.

7.07 aeathetic Resources. The Coco levee will be located across Highway
1 from the commmity, far enough removed from residences that it should
not adversely affect views to the coast or the wmoumtains. Residences
adjacent to the east river bank inside Salinas town will have views to
the west (over pasturelands) partially blocked. The protected side of
theleveevulbegzasledtoblendintothemtofthevimhed. A
ghort distance below the Highway 1 bridge the levee departs from
residential areas, and will not affect visual aesthetics.

7.08 Racreation. An analysis of existing recreation facilities and
opportunities on the project led to proposal of development of a
designated walking/bicycling trail along the top of the Salinas levee, on
the segment extending from south of Highway 52 to the beach. A cost
estimate was developed for this proposal and a Recreation Resource report
was prepared. However, no cost-sharing partner for this proposal has
been identified, and no project-specific recreation is now proposed.

7.09 Noise. There will be a temporary increase in ambient noise during
project comstructiom, due to the operation of heavy earth moving
machinery. This machinery will operate only during normal daytime hours.
mcocoleveewinbehuﬂtmudemcupmthgomumlw
base, at least 200 feet from the nearest residences and schools. The
Salinas-Playa levee will be built along the river bank, and in some
segments construction noise may be a temporary nuisance to adjacent
residences; however, no violations of the Puerto Rico Environmental
Quality Board's Noise regulation will occur as a result of conmstruction.

7.10 Air Ouality. Due to the long dry season, fugitive dust can be
generated by excavation and deposit of £ill material. The Puerto Rico
Environmental Quality Board, through its Air Quality Control Regulatiom,
specifies measures that must be incorporated to prevent emissions of
fugitive dust, including covering dump trucks with tarpaulins or other
covers to prevent flying dust, and watering down transport vehicles and
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unpaved roads. The Air Quality Regulation will be strictly complied with
and contractors will be required to obtain all necessary permits prior to
beginning work if the project is approved.

7.11 Socioeconomic Effects. The recommended plan requires removal of 30
residential and two commercial buildings. Residences are all located on
the west bank floodway of the river, north of the existing Highway 1
bridge. Commercial buildings include a gasoline station and the offices
of a radic station. Every attempt was made to minimize relocation of
residences during project design, but leaving these residences in place
would have required greater excavation on the east side of the river,
vwhere an unbroken wall of residences abuts the old concrete “floodwall” .
Al ber of resid would have required removal on the east
side, leading to even greater commmity disruption. Construction of the
project will will prevent damages to residential, commercial, public and
industrial properties due to flooding, which occurs almost annually, as
well as protecting the main coastal evacuation route from the “playa*
sector in tiwes of hurricane or coastal flood warnings. Incidental
protection of 132 acres of vacant flood plain upland adjacent to town is
expected to provide economic development benefits, as this land is
pregently restricted from development by the Commonwealth under Plamning
Board Regulation 13. Likewise, protection of croplands near the
southeastern corner of the Salinas town center is expected to reduce
economic losses due to crop flooding. Perhaps the most important social
benefit to residents is the freedom from fear and worry related to life-
threatening flash flooding, which has regularly claimed lives in the
area, most recently when two drownings occurred in Coco community during
the Three Kings Day floods of 1992.

7.12 Coastal Barxier Resources, Coastal Barrier PR-47 will be avoided
under the recommended plan. No project features would be sited inside

the barrier. The mangrove and salt marsh wetlands of the barrier will
not be affected by changes in timing or delivery of flood waters, in
comparison to current conditions, because the project provides levee
protection from, rather than channeling or diversion of, flood waters.

7.13 mpacts and Irre svab Commnitn : Reg
The following idable impacts have been identified: about 1.9 acres
of very sparsely vegetated river bottom would be covered by the Salinas
levee as discugsed in Paragraph 7.02, although an equal area of river bed
will be created on the west bank; the historic Highway 1 Bridge and the
historic railway bridge would have to be documented and removed, to
assure adequate flood conveyance in the lower Rfo Nigua at Salinas
channel, although the railroad bridge may be to be removed prior to
project construction by the Commonwealth; an historic archeological site
may also be destroyed and would be documented, as detailed in paragraph
7.04. No significant adverse impacts to wetlands, the coastal barrier
segment, wildlife, fisheries or endangered or threatened species are
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expected. The proposed project will not decrease or change the timing of
freshwater flows to the estuarine wetlands at the mouth of the river.

Construction of the levees will induce slightly higher flood stages
along one flood-prone segment of the river, south of Highway PR-52. As
discussed in the Real Estate Appendix to the main report, no additional
damages are attributed to this unavoidable effect, because (1) there are
no residences in this area; (2) there are no crops planted in the axea;
(3) adjacent flood-free lands are available for grazing animals; and (4)
flooding is estimated to be of sufficiently short duration that is will
not lasting damage to p lands.

7.14 Indixect and Cumilative Impacts, There are no other known flood
control or major infrastructure development projects under constructiom
or plauned for the Rfo Nigua at Salinas coastal plan. Therefore, this
project does not hlve the potential to cause additional adverse impacts
on the envi residential comstruction around the

opedmot‘&limhnbeensm:elymtnimd (Plamming Board
Regulation No. 13 does not allow subdivision of floodable lands) under
existing conditions, it is possible that provision of a flood protection
project will eventually induce new residential development, especially
along the h and t margins of the now-developed area, in what
are now croplands. m-hmcaplmedwrpoceofchaproject but it
way occur at some unknown future time. The and pl use
of these lands, according to available documents, is xgri.cult\u‘al. In
fact, the Agriculture Department, which owns many of the parcels, can be
expected to act to retain most of them in agriculture, which has recently
shifted from low-yield sugarcane farming to more economically beneficial
fruit and vegetable crops. In the final analysis the Puerto Rico
Planning Board and local zoning and permitting authorities, in
consultation with the Department of Agriculture, will decide the “best®
use of these lands.

7.15 -

Maintenance of lLong Texmm Productivity. m Rrio nigun at salimn Flood
Control Study led to formulation of a plan for long-term control of high-
stage, infrequent floods in the coastal plain, allowi for derly
economic development of the region. The recommended plan is designed for
a useful life of S0 years, and does not require significant trade-offs of
long-term benefits for short-term development. Most of the lands outside
of the town center are agricultural, and are likely to remain so,
including nearly all of the west bank of the river. Because the
hydrology of the river will remain as at present (no damming, retention
or diversion of river waters is contemplated in the recommended plan),
and because the plan minimizes adverse effects cn natural and cultural
resources, including historic and archeological resources, wildlife,
fisheries and wetlands, no losses in long-term productivity are exp

T ol
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8.00 ENVIRONMENTAL COMMITMENTS.

Required permits for this project will be obtained prior to
construction. A Puerto Rico Planning Board concurrence with the Corps'
Coastal Zone Consistency Determination will be required in order to
finalize project coordination in accordance with the Coastal Zone
Management Act (see following Chapter, Paragraph 9.07). Concurrence has
now been applied for from the Planning Board (PRPB), in accordance with
PRPB’S requirement for pre-coordination of the EA prior to considering
the C2ZM consistency application. A Water Quality Certificate will be
required from EQB for the discharge of £ill material in the river bed,
and it will be q d after dination of this Environmental
Assessment is concluded, for similar reasons. A National Pollutant
Discharge Elimination System (NPDES) Permit or waiver will be required
from the Environmental Protection Agency (EPA}. Additional *minor
permits® will be obtained by the Corps contractor prior to comstruction
start-up, since they depend on submission of Plane and Specificatioms.

Mitigation will be required for the adverse effects of the project
on identified cultural resources, including: the historic Highway 1
bridge, the historic railway bridge, and the historic archeclogical site
identified in the 1994 survey. The bridges will be documented to HAER
standards; mitigation for the historic archeological site would consist
of further study and documentation. Structures to be removed (a few
residences on the west bank near Highway 1) will be surveyed to determine
and 4 the exi of gignificant vernacular architecture.

After close coordination with the Puerto Rico Department of Natural
Resources and FWS, and as documented in the Fish and Wildlife
Coordination Act Report (CAR), no significant adverse impacts to fish and
wildlife resources or wetlands are exp d as a -\ of project
construction, and no mitigation is now proposed.

9.00 COMPLIANCE WITH ENVIRONMENTAL REQUIREBMENTS.

$.01 Naticpal Envixonmental Policy Act of 1969, as amended.
Environmental information on the project has been compiled and the

Envi 1 was coordinated with concerned agencies and
publics during May-July, 1996 prior to finalization in accordance with
the National Environmental Policy Act. A list of EA recipients appears
on the first page of the Coordination Attachment {(Att. EA-A) Comments
received are duplicated. Only the EQB comments required a response. This
comment, a translation and the Corps response are shown in the above
named Attachment.

9.02 Endangered Species Act of 1973, as amended. A list of endangered,
threatened, proposed, or candidate species was received from the U.S.

Fish and Wildlife Service dated March 1993. Informal consultation was
initiated by the Corps in April, 1993 and concluded in January 1995.
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Although several species were listed as potentially present in the
general area, joint field surveys with the Service led to the conclusion
that species of concern do not occupy the project footprint in January,
1995. This conclusion was confirmed in the draft Coordination Act Report
{dCAR), dated March, 1995, followed by a revised CAR in August, 1995.
This project was fully coordinated under the Endangered Species Act;
therefore, it is in full compliance with the Act.

9.03 Figh and Wildlife Coordination Act of 1958, as amended, In
response to the requirements of this Act, the Corps has begun and will
continue to wmaintain continuous coordination with the USPWS during all
stages of the planning and ion pr . In Aug 1995 the
USFWS submitted a final Fish and Wildlife Coordination Act Report (CAR),
which is included in this report as Attachment EA-D.

9.04 National Historic Preservation Act of 1966. as amended. Cultural
resource investigation, documentation, and coordination with the State
Historic Preservation Officer is in accordance with Section 106 of the
National Historic Preservation Act of 1966, as amended, 36 CFR Paxt 800,
and the Archeological and Historic Preservation Act. Further studies and
mitigation for cultural resources identified in the project footprint
have been di d at ph 7.04. By letter dated May 28, 1996, the
SHPO concurred with the findings of this EA.

9.05 Clean Watex Act of 1972, as amended. The study is in partial
compliance. Full compliance will be achieved with issuance of a Water
Quality Certificate from the Commonwealth EQB and an NPDES permit or
waiver from US EPA. Recaipt of the Water Quality Certificate is expected
in mid-1997. BQB will accept an application once the NEPA coordination of
this BA is completed; this also will satisfy ( 1th envi -al
review regulations. Certification is expected. A Section 404 (b) (1)
Bvaluation is included in this report as Attachment EA-B. The

Bavi 1 ion y (EPA) d with the BEnvironmental
Assessment and Preliminary Determination of No Significant Impact in a
letter dated July 11, 1996.

9.06 Clean Air Act of 1972, ag amended, Coordination on May 10, 1993
with the Puerto Rico Environmental Quality Board, Air Quality Division
determined the proposed project was in partial compliance with the Clean
Air Act. There are no non-attainment areas inside the study area. After
receipt of s and rence with the EA from EQB and EPA, the
project is now in full compliance. -

9.07 Coastal Zone Management Act of 1972, as amended., The study is in

partial compliance at this time. Full compliance will be achieved with

receipt of concurrence with the Corps' Determination of Comsistency from
the Puerto Rico Planning Board. A federal comsistency determination in

accordance with 15 CFR 930 Subpart C and PRPB rules was mailed on
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September 4, 1996. Concurrence is expected within 30 days. The
Determination and application for concurrence is attached at EA-C.

9.08 Fammland Protection Policy Act of 1981, No prime or unigue

farmland will be impacted by implementation of this project. Corps
evaluation of soil maps of the study and immediate project area, as
compared to current prime and unique farmland soils lists for Puerto
Rico, showed that s0ils under the levee and channel re-alignment
footprint belong to groups that are not classed as prime or umique
farmlands in Puerto Rico. The Natural Resource Conservation Service did
not respond.to circulation of the EA during the public comment period.
Although non-response could be interpreted as concurrence, subsequently,
a letter detailing the study and BEA‘s conclusions was mailed to NRCS in
San Juan, req ing a of concurrence with our findings.
Concurrence of NRCS is expected within 30 days.

9.09 Mild and Scenic River Act of 1968, ag amended. No designated Wild
and Scenic river reaches will be affected by project related activities.
This act is not applicable.

9.10 Estuary Protection Act of 1968, No estuary recognized under this
Act will be affected by project activities. All flood control structures
(Salinas levee) will avoid the river estuary.

The project will not affect freshwater flows or timing at the estuary.
The project is in compliance.

9.11 Faderal Water Project Recreation Act, As Amended, The principles
of the Federal Water Project Recreatiom Act, (Public Law 89-72) as
amended, have been fulfilled by complying with the recreation cost
sharing criteria as outlined in Sectiom 2 (a), paragraph (2).

9.12 Resgurce Conservation and Recovery Act of 1976, Public Law 94-580;
7 U.8.C. 100, et seq. If the gasoline station cannot be avoided in the
vicinity of the Highway 1 bridge, the underground tank would have to be
removed in accordance with this law and its regulations. This item would
be C 1th D ibility; a cost estimate has been included in the
project cost.

9.13 Toxic Substances Contxol Act of 1976, Public Law 94-469; U.S.C
2601, et seq. This law has been determined to be not applicable as there
are no items regulated under this act either being disposed of or
affected by this project.

9.14 E.Q. 11990, Protection of Wetlands. This Act requires that Federal
Agencies avoid impacts to wetlands unless there are no practicable
alternatives. It further requires that Federal Agencies minimize losses
to the beneficial values of wetlands and preserve and enhance the
beneficial values of wetlands. The U.S. Army Corps of Engineers' wetland
mitigation goal is one of no net loss of wetlands. During early plan
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formulation a plan that would have impacted coastal salt marsh wetlands
was under consideration. Upon receipt of the Draft Coordination Act
Report and after reevaluating the hydraulics of the lower flood plain, a
plan was identified that permitted project structures (the lower levee)
to completely avoid these wetlands. The recommended plan is in
compliance with this Executive Order.

9.15 E.Q. 11988, Floodplain Mapnagement. This Act requires that Federal
agencies comply with the following four conditions: (a) avoid development
in the floodplain unless it is the only practicable alternative; (b)
reduce the hazard and risk associated with floods; (c) minimize the
impact of floods on human safety, health and welfare; (d) restore and
preserve the natural and beneficial values of the floodplain.Other than
the "no action" alternmative, there is no practicable alternative to
development in the base floodplain with a river flood comntrol project.

As described in the Alternatives Section 6.00, the *"no action®
alternative was determined not to be an acceptable solution. The
selected alignment minimizes impacts to the floodplain.

9.16 E.O. 12898, Social Justice, This executive order states that
minority and low income populations must not be disproporticmately
affected by substantial adverse project effects. The Rio Nigua at
Salinas project is in compliance. Much of the study area would be
characterized as “low-income“ by Federal standards. As stated in the
report, unemployment is high in Salinas and housing optioms are limited
due to the flood-prone nature of many neighborhoods. Many of the most
flood-prone communities that will be protected under the flood protection
project recommended by this report and EA are low-income commmities.
Such commumnities include parts of El Coco, parts of Salinas playa, and
many of the east-bank residences in the urban core of Salinas. A few
residences must inevitably be removed to provide space for levees, minor

h 1l re-ali and other project features. However, the project
was designed specifically to minimize relocations of families and the
social disruption that accompanies it, and it does not specifically
target a particular ethnic or economic group for protectiom, or,
conversely, relocation.

9.17. Coastal Barrier Improvement Act of 1990. A segment of undeveloped
coastal dune encompassing both banks of the mouth of Rio Nigua at Salinas
comprises Puerto Rico Coastal Barrier Reserve segment PR-47. This Act
prohibits federal expenditures that foster development in designated
barrier s. The r ded plan does not contemplate any
structural measures or other activities inside the barrier segment, and
would not cause adverse effects on the wetlands or other natural
resources of the segment; therefore it is in full compliance with the
purposes of the Act.

.
10.00 COORDINATION. The study was coordinated with the Following
agencies: U.S. Fish and Wildlife Service, Puerto Rico State Historic
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Preservation Officer (SHPO), Puerto Rico Environmental Quality Board Air
Quality Area, Puerto Rico Department of 1l and Envi al
Resources (the co-sponsor), Puerto Rico Planning Board and other major
Puerto Rico infrastructure agencies, beginning early in the feasibility
stage of the planning process (see also Attachment EA-A). Scoping was
initiated by letter dated March 4, 1993 to potentially interested
parties. The Draft Feasibility and BA were circulated for public comment,
beginning on May 7, 1996 (for Commonwealth agencies). The Federal comment
period began on June 10 and ended on July 25. An informal public meeting
was held on May 23, 1996 in the Salinas sports coliseum to present the
study‘s conclusions, the recommended plan, and to elicit public comments
and questions, in Spanish. No written comments were received from this
meeting. Written comments on the Draft Report/EA are attached at EA-A,
and consisted entirely of letters of support, endor 8, concurrences
and “no-objection” findings.

11.00. LIST OF PREPARERS. °This EA was prepared by:

Barbara Cintron, Biologist and main writer, USACE

Janice E. Adams, Archeologist, USACE

David McCullough, Senior Archeologist, USACE

Paul Stevenson, Landscape Architect, USACE

lvan Acosta, Environmental Engineer, USACE

Roberto Cortés, Civil Engineer, USACE

This ER was reviewed by:

Elmar Kurzbach, Chief, Environmental Studies Section, USACE
Hanley Smith, Chief, Environmental Branch, USACE

12.00 REFERENCES.

Cinquino, Michael A. 1995. Cultural Resources Survey of the Rfo Nigua
Flood Control Study, Municipio of Salinas, Puerto Rico. Manuscript
submitted to the U.S. Army Corps of Engineers, Jacksonville District by
Panamerican Consultants, Inc.

Puerto Rico Department of Natural Resources, Puerto Rico Planning Board,
and U.S. Department of Commerce, NOAA. 1978. Puerto Rico Coastal
Management Program and Final Environmental Impact Statement. San Juan,
P.R. DNR. 194 p., maps.

Ewel, J.J. and J.L. Whitmore. 1973. Ecological Life 2ones of Puerto
Rico and the United States Virgin Islands. USDA Forest Service, Res.
Paper ITF-18. Institute of Tropical Forestry, Rio Piedras, PR. 72 pp.

Haire, W.J. 1971. Floods in the Salinas Area of Puerto Rico. U.S.
Geological Survey. Atlas HA-447.
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EA ATTACHMENT A

PUBLIC COORDINATION AND AGENCY CORRESPONDENCE

RECIPIENTS OF THIS ENVIRONMENTAL ASSESSMENT
Federal Agencies

U.S. Environmental Protection Agency (USEPA), Region II, New
York and San Juan.

U.S. Fish and Wildlife Service, Caribbean Field Office,
Boquerén, P.R

U.S. Dept Commerce, National Marine Fisheries Service, SE Region

U.S. Department of Agriculture, Nat. Res. Conserv. Service, San
Juan. .

Commander (OAN) Seventh Coast Guard District, Miami.

U.S. Geological Survey, Caribbean Field Office, San Juan, P.R.

Director, Federal Emergency Management Agency, San Juan Office

nwi o

Hon. Pedro Rosselld, Govermor.

Hon. Basilio Baerga, Mayor, City of Salinas.

Hon. Carlos Romero Barcels, Resident Commissioner.

Hon. Roberto Rexach, President, Puerto Rico Senate.

Hon. Zaida Hern&ndez, President, Puerto Rico Chamber of
Representatives.

Ms. Norma Burgos, Chairperson, P.R. Planning Board (Copy,
Director, Land Use Bureau).

Mr. Hector Russe, esq., President, P.R. Environmental Quality
Board (5 copies).

Mr. Pedro Gelabert, Secretary, P.R. Department of Natural and
Environmental Resources (5 copies).

Ms. Lilliane Lépez, P.R. State Historic Preservation Officer
Director, Centro de Investigaciones, Institute of Puerto Rican
Culture.

Secretary, Puerto Rico Department of Agriculture

Executive Director, Puerto Rico Electric Power Authority.

Executive Director, Puerto Rico Aqueduct -and Sewer Authority

Secretary, Puerto Rico Department of Transportation and Public
Works.

Executive Director, Puerto Rico Highways Authority.

Executive Director, Puerto Rico Telephone Company.

Director, Puerto Rico Civil Defense.

Superintendant, Puerto Rico Police Department.

ic Ind st d ati

Puerto Rico Conservation Trust, San Juan, P.R.
Puerto Rico Conservation Foundation, Hato Rey, P.R.
Puertc Rico Engineers and Surveyors’ Assocation, San Juan, P.R.

Lettere of concurrence received as of 8-15-96. No objections were
raised. The Environmental Quality Board made a series of
recommendations. This letter appears in Spanish, followed by a
translation to English, with Corps response to each point on the page
opposite. The U.S. Department of the Interior, Fish and Wildlife
Service, sent no comments. It had concurred with the findings of the
study in the Coordination Act Report (reproduced following this
Attachment as Attachment D).
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NEWS RELEASE
s COMUNICADO DE PRENSA

400 Fernandez Juncos; San Juan, Puerto Rico 00901
Phone: 723-0133 Release date:

INVITATION TO COMMUNITY MEETING
ON

SALINAS FLOOD CONTROL PROJECT

The U.S. Army Corps of Engineers will hold a Community Meeting
to inform residents of Salinas and Comunidad Coco about the
reccomendations of the recently completed Rio Nigua Flood Control
Study. Corps of Engineers officials will make the presentation
accompanied by Department of Natural and Environmental Resources
officials. They will also be available to answer questions from

the public.

The meeting will be held next THURSDAY 23 MAY 1996 at 7:00 P.M.

at the Coliseo Angel Luis “Cholo” Espada on Hwy.#1,Salinas.
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September 5, 1996

Planning Division
Enviromnmental Branch

Mr. Juan Martinez

Director, San Juan Office

Natural Resources Conservation Service
Post Office Box 364868

San Juan, Puerto Rico 00936

Dear Mr. Martinez:

The U.S. Army Corps of Engineers, Jacksonville District,
recently coordinated a Draft Feasibility Study Report and
Envirec 1tal A it for a proposed flood control project
along the Rio Nigua at Salinas and Coco Community, Puerto Rico.
Our records show that your agency received a copy of the
subject document, but we have no record of any commentary. We
had determined that the project as proposed would not affect
prime or unique farmland soils as our study of the Soil Survey
publication for this region appeared to indicate no such soils
were present. This letter is to document the project footprint
and request your concurrence with our determination.

After an unsuccessful search for a prime farmland soils map
of the subject area, we evaluated the project's potential to
affect designated prime and unique farmlands soils, basing our
evaluation on the publication "Soil Survey of the Humacao Area
of Eastern Puerto Rico" (USDA, SCS, 1977), and a 1994 list of
Prime Farmland Soils of the Caribbean Area. This method was
suggested by Carmen Santiago, Natural Resources Conservation
Service, San Juan Office. We identified the following soil
series in the project levee's footprints:

a. El Coco levee: Guamani Silty Clay loam (Gm). (inside
Campamento Santiago; not irrigated; neither prime nor statewide
important). R

b. Borrow area: Rock land soils (Rs) and Guamani silty
clay loam (Gm). No prime farmlands.

¢. Salinas and Playa levee: Cobbly alluvial land (Cn,
river bed and banks), Guamani silty clay loam (not irrigated);
also small areas of Arenales sandy loam, gravelly substratum
(Ar), and Vayas silty clay, frequently flooded (Ve¢), not
drained. Not prime farmland.
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These latter soils occur in one small area along the east
river bank near the former Hacienda Margarita. The lands have
been allowed to revert to brush and there are no functional
irrigation or drainage works on them. Although the small area
of Vo soils is listed as of "statewide importance® we have
assumed that this applies only to soils where drainage has been
supplied.

To summarize: we have not identified any prime farmland
soils under the project footprint. There is one small
inclusion of "statewide importance" soils near the southern end
of the levee, but the soils no longer have functioning drainage
works. We believe we have satisfied the substantive
requirements of the Farmland Protection Policy Act by avoiding
areas of active and productive agriculture in our levee siting
process. We would appreciate a letter indicating your agency's
concurrence with the above determinations.

Sincerely

George M. Strain
Acting Chief, Planning Division

gdintrén/ CESAJ-PD-ES/1692/mw MM! fﬁ(
Sy ~Kurzbach/CESAJ-PD-ES
A 4+Bmith/CESAI-PD-E

nz&lez/CESAJ~PD~PB
ain/CESAT-PD
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ATTACHMENT B
RIO NIGUA AT SALINAS
CLEAN WATER ACT SECTION 404 (B) (1)

EVALUATION

June 7, 1996

Planning Division
Environmental Branch

Mr. Robert Hargrove

Chief, Environmental Impacts Branch
Environmental Protection Agency
Room 1108

26 Federal Plaza

New York, New York 10278-0001

Dear Mr. Hargrove:

The U.S. Army Corps of Engineers (Corps), Jacksonville
District, has completed the feasibility study for flood control
along the Rio Nigua at Coco Ward and Salinas-Playa de Salinas, in
southern Puerto Rico. Enclosed are three copies of the draft
Feasibility Report and Environmental Assessment (EA) for your
evaluation and comments. The EA follows the main report text and
is printed on green paper. Copies of the bound report/EA have
been provided to concerned Commonwealth and Federal agencies and
individuals during the month of May 1996.

Attachment B of the EA contains the evaluation of proposed
discharge of materials (f£ill) and other activities in Waters of
the United States, in compliance with Section 404 (b) (1) of the
Clean Water Act. Under the recommended alternative, only 1.9
acres of the river bed would be affected by discharge of
excavated material (f£ill), while an equivalent 1.9 acre area of
upland (river bank) would be excavated on the opposite side of
the stream. The site of this proposed work is shown on Main
Report Plate 2A between brackets as "Realignment of Existing
channel.* It is in the freshwater stretch of the river. Other
incidental discharges of material may occur, to include:
replacement of one pier of the Highway 1 bridge (emplacement of
pre-stressed concrete piles or pre-cast concrete structural
members); and potential small areas of gabion or rip-rap armoring
at stream curves (mostly above normal water levels, but possibly
impinging on the river bed). The stream is intermittent in the
area of work: flow stops or is reduced to a trickle during the
dry season. Most earth-moving activity would proceed without
affecting water quality, providing near-stream work occurs during
the dry season, as planned. Furthermore, there is little
wetlands vegetation along the river channel due to its steep
banks and intermittent flow. The Corps has judged that these
minor additional discharges will not, in the aggregate, affect a
significant area of river bed; therefore, we have not explicitly
included a discussion of their impacts. However, should further
development of the project cause significant changes in the
quantity or type of proposed discharge or in the acreages of
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river bed affected, we would re-open the 404 (b)(1) evaluation
process. Due to the large amount of earth-moving regquired to
build the levees over uplands, we have also made a preliminary
determination that an NPDES Permit or waiver will be required
and we will seek such a permit at the appropriate time. '

The U.S. Fish and Wildlife Coordination Act Report
(Attachment D to the EA) documents project compliance. During
early study and alternatives formulation for Rio Nigua at
Salinas, Corps staff worked closely with U.S. Fish and Wildlife
Service (USFWS) field scientists to develop a flood control
alternative package that protected coastal wetlands and the river

by avoiding them, thereby reducing or eliminating the
need for compensatory mitigation. The preferred alternative
discussed in the Feasibility Report and EA will not affect any of
the wetlands identified by USFWS, except the minor effects on the
river bed discussed in the 404(b) analysis. USFWS has,
therefore, concurred with the proposed project.

A draft Finding of No Significant Impact is included in the
EA package. In order to be considered, your comments should be
received at the above address within 30 days of the date of this
letter.

Sincerely,

A. J. Salem
Chief, Planning Division

Enclosure
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ATTACHMENT B

CLEAN WATER ACT SECTION 404 (b) (1) EVALUATION
RO NIGUA AT SALINAS ENVIRONMENTAL ASSESSMENT

I. Project Descxiption

A. Location. Rio Nigua at Salinas is located on the south
coast of Puerto Rico about 33 km (21 mi) east of Ponce. River
headwaters lie on the south drainage of the Cordillera Central in
Cayey. The coastal segment of the river floods residential areas
in Salinas town, Salinas port and Coco rural community.

B. General Description. The recommended plan comprises two
long earthen levees along the east river bank, with bridge
removal, minor road relocations and ramping, and a small area of
channel realignment, where an existing concrete floodwall and two
old bridges the Highway 1 bridge and the old sugarcane railway
bridge do not provide sufficient in-bank conveyance. Most of the
proposed flood control works (most borrow, levee construction and
revetment, and disposal of excess materials would occur on
uplands) . The upstream (Coco) levee would be about 4 km (2.5 mi)
long, and would follow the east bank of the river along Highway
1. It would be about 3.8 m (12 ft) above ground level, with 2.5
horizontal on 1 vertical side slopes, a 3 m (10ft) wide crown,
and it would be grassed on both flood and protected sides to
prevent erosion. This levee would tie into higher ground at both
ends. The Salinas levee would extend about 3 km (1.8 mi),
beginning at high ground north of Highway 52 (Las Américas
Expressway), truncating at the bridge where this highway crosses
the river, and beginning again on the south side, extending
through town on the east bank and (partially) in the river bed,
and continuing south of town to high ground at the coastal dune
berm. This levee would have a short easterly spur, following a
road ramp just north of the expressway-Highway 1 intersection, to
prevent flood waters from passing under the bridge-overpass at
the intersection. 1Its elevation above ground level would vary,
from about 5 m ( 16.5 ft) north of PR-52, to an average 4.5 m (15
feet) adjacent to Salinas center, to a low of 1.5 m (5 ft) near
the coast. The Salinas levee’s profile would be identical to
that of the Coco levee. One segment of this levee covering an
aggregate of 1.9 acres, would be built by depositing clean fill
on the east side of the river bed, along about 300 m (aggregate
length) involving an estimated 125,000 cubic yd of £i1l. This
£i11 would be obtained by mechanical excavation from the opposite
bank. The result would be a minor realignment of the channel,
with the same conveyance as at present. Associated with these
two short segments (in the vicinity of the bridge replacement and
railroad bridge removal) would be lesser deposits of concrete
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(one bridge pile, to be replaced for the new bridge) and levee
revetment materials along the flood-side of the in-channel levee.
This additional material in the river channel would cover, on
aggregrate, less than an acre of additional waters.

C. Authority and Purpose. By a Resolution adopted on
October 1, 1986, the U.S. House of Representatives, Committee on
Public Works and Transportation, authorized a study of flooding
along the Rio Nigua at Salinas. The purpose of the study was to
identify the source of flooding problems and identify feasible
and economically viable solutions, if any.

D. General Description of Dredged or Fill Material. No
dredging is proposed. The £fill material will be mechanically
excavated from the opposite side of the river bed and an off-site
borrow area, as stated above and illustrated on Plate B-4 of
Appendix B (Geotechnical Studies). Revetment would probably
consist of gabion baskets.

(1) Chaxacteristics of the material. Material to be
excavated was characterized as predominantly medium density sands
with varying amounts of silt and clay. Borrow site material
consists generally of silty sands and silty gravels. About 9§
percent of the materials obtained from the channel realignment
will be suitable for levee emplacement. Unsuitable materials
will be placed in the Disposal area. Revetment materials will
either consist of rip-rap stone meeting Corps specifications, or
gabion baskets.

(2) Quantities of Matexial.

(a) Required for levee within the river bed: 125,000 cu yd;
(b) required excavation for pilot channel: 125,000 cu yd; c)
material from (b) suitable for (a): 95% or 119,000 cu yd; (d) the
remainder, about 6,000 cu yd, would be brought from the borrow
area; (e)unsuitable material from the channel excavation (est.
6,000 cu yd) would be disposed of at the upland disposal site.
Rocks for gabion baskets would be obtained from nearby existing
quarries.

(3) Source of Material. Material would be cbtained from
stream bed borrow as the channel realignment progressed
(excavation would proceed along the bank opposite to the levee
construction). Up to 90% of the borrow material tested at the
primary site may be suitable for levee construction.
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E. Description of the Proposed Discharge Site.

(1) ILocation. The discharge site is in the city of Salinas
on the south coast of Puerto Rico, close to the Highway 1 bridge
which crosses Rio Nigua, along the river’s east bank. The site is
characterized as a riparian bed. The rest of the Salinas levee,
and all of Coco levee, will be deposited over uplands.

(2) Sz.za Aggregate area of riparian bed wetlands that
would be buried is 1.9-2.9 acres, or 7,650-11,740 w’.

(3) Type of gite. Directly impacted wetlands are riparian
bed (intermittently flooded). They are very sparsely vegetated by
ephemeral annual herbs and shrubs and the immediate east bank is a
smooth, steeply sloping concrete floodwall. At this level of the
coastal plain, the river resembles a “dry wash® during most of the
winter-spring dry season, with a narrow trickle of water down its
center. Coarse gravel, cobbles and boulders, as well as sand and
silty materials, characterize the river bed.

(4) Type of Habitat. River flow is semi-perennial at this
location (flow may appear to cease during severe droughts). The
shallow river flows over a gravelly and sandy bed, providing
habitat for emergent annual plants and some filamentous algae.
Stream fauna, not sampled, probably includes insect larvae, small
individuals of river shriwp Atya and Macrobrachium, and few fish,
possibly including gobies and mountain mullet. The habitat and
its typical fauna are subject to regular wipe outs during heavy
seasonal floods, which scour the river bottom and wash away rooted
and attached vegetation.

(5) Timing and Duration of Discharge. Discharge will occur
during comstruction, which is expected to take about two years,
but comstruction of the realigned channel should not require more
than 2 months. Directly affected wetlands will be converted to
uplands (grassed levees and culverts)

F. Description of disposal method. High capacity earth

moving equipment such as bulldozers, dump trucks and front-end
loaders will be used.

II. PFactual deaterminations.

A. Physical Substrate Determinations.

(1) Substrate elevation and slope. Slopes are very
gradual: 0-3 per cent.
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(2) Sediment type. Deposited material will be largely
derived from opposite side river bed areas, and consists of sand
and silty sand.

(3) Fill material movement. Fines could potentially wash
out during rains or flood flows until the new levee is
stabilized. A gabion revetment is planned for the flood side of
the levee to avoid erosion and sedimentation of the river bed.
Levee grassing of the protected side is part of the recommended
plan, to minimize the period of time that levee slopes will be
unprotected. Other measures to control movement of fine
sediments, such as silt fences or hay ground cover, may be
considered for vulnerable areas.

(4) Physical effects on benthos. No benthic organisms
were observed in the east bank river bed Refer to E (4), above.

B. Water Circulation, Fluctuation and Salinity
Determination.

(1) Hater Column effects. This section is not
applicable. The river is shallow or intermittent for long

periods each year.

(2) CQuxrent pPatterns and Circulation. Waters in the
stream reach to be realigned are too shallow to develop current
patterns. The Rio Nigua is not subject to tides at the area of
the floodwall. Frequent rainy season high water events scour the
stream bottom, wash out living organisms, and leave a clean
bottom to be recolonized by tolerant organisms.

C. Suspended Particulate/Turbidity Determinations.
Construction practices will incorporate wmeasures to avoid
increasing suspended particulate levels in the riparian bed. To
the greatest extent feasible construction will proceed in the dry
season. Turbidity levels will be maintained within EQB standards
for surface waters.

(1) Expected Changes at the Disposal Site. Suspended
particles from movement and discharge of £ill will temporarily
increase water turbidity during construction of the levee segment
inside the stream bed. These effects will not persist once
construction is complete, because normal flows past the levee
will not be of high velocity, and erodible areas will be
protected with a revetment. Construction of the levee through
the riparian bed should not lead to release of significant -
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quantities of sediment, as long as construction is timed to avoid
work during high stage and flow periods, and construction
activities are stopped in the event of heavy, flooding rains. The
levee segment in the channel, and other high-velocity reaches,
will be protected against erosion on the flood-side by gabions.
Construction of other levee segments would include grassing to
stabilize side slopes and avoid sedimentation of water bodies.

(2) Bffects on chemical and physical properties of the
water column.

(a) Light penetration. Not applicable; the affected
waters are too shallow.

{b) Dissclved oxygen. No effect expected.

(c) Taxic metals. organics and pathogens. No toxic
levels of metals or organic materials are known or expected,
based on a level-1 survey performed as part of the study.

(d) BAesthetics. There will be no effect.
(3) Effects on biota.

(a) Primary productivity and photosynthegis. The 1.9
acres of riparian bed that will be converted to upland will be
replaced in kind and on-site (opposite side of the channel) by
1.9 acres of newly excavated riparian bed. No further mitigation
is necessary.

(b) Suspension/filter feeders. No populations of this
biotic group were identified in levee reaches.

(c) sSight feeders. Mobile aquatic forms will be
eliminated or move away from levee deposition areas.

(d) Contaminant determinations. No contaminants or
contaminated areas have been identified in the immediate vicinity
of the borrow or wetland disposal areas, after a preliminary
survey for indications of hazardous, toxic or radiologic waste.

(1) Endangered or Threatened Species. None inhabit the
area where disposal will occur. FWS has concurred with this
determination.

IIXI. Proposed Disposal Site Determinations.

(1) Mixing Zone Determination. Not applicable. Deposit
of £ill will completely dry out the east side of the channel.
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Unusable material will be disposed of at the upland disposal
site.

(2) D : : £ ¢ 1 ith Applicable W
Quality Standards. The clean fill proposed for the project will
not result in violation of any Puerto Rico water quality
standards.

(3) Potential Effects on Human Use Characteristics.

(a) Municipal and Private Water Supplies. Waters in
the Rio Nigua in the study area are not used for public supply.

(b) Recreational and commercial fisheries. A few
fishermen and their families reside in the community to be
protected. They fish offshore banks. A small amount of
recreational fishing and crabbing occur near the river mouth, and
it will not be adversely affected by the channel realignment.

(c) Hatex Related Recreation. No effect.

(d) BAesthetics. Levees will somewhat restrict views to
the west of the community, but, due to their low height and their
distance from streets and houses, effects are not expected to be
significant.

pregerves. A designated Coastal Barrier Reserve encompasses the
mouth of Rio Nigua at Salinas. It is Segment PR-47. No

activities are proposed inside this barrier unit.

(4) Determination of Cumulative Effects on the Aquatic
"Ecosgystem. There will be no cumulative effects.

(1). No significant adaptations of the guidelines were made
relative to this evaluation. The proposed alignment of the
levees was chosen to minimize the footprint over all wetlands,
and to avoid highly valued coastal wetlands entirely. only a
small area of riparian bed (channel bottom) wetlands will be
affected, and it will be replaced on-site and in-kind along the
opposite bank.

(2). No practicable alternative exists which meets the
study objectives that does not involve discharge of fill into
waters of the United States. )
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(3) The discharge of fill materials will not cause or
contribute to violations of any applicable Commonwealth water
quality standards. The discharge operation will not violate the
Toxic Effluent Standards of Section 307 of the Clean Water Act.

D. The placement of fill material will not jeopardize the
continued existence of any listed species or adverse modification
of any critical habitat as specified by the Endangered Species
Act of 1973, as amended.

E. The placement of £ill materials will not result in
significant adverse effects on human health and welfare,
municipal and private water supplies, recreational and commercial
fishing, plankton, fish, shellfish, wildlife, and special aquatic
sites. The life stages of aquatic species and other wildlife
will not be adversely affected. Significant adverse effects on
aquatic ecosystem diversity; productivity and stability; and
recreational, aesthetic and economic values will not occur.

F. Appropriate steps to minimize potential adverse impacts
of the discharge on aquatic systems included selecting the plan
with the least real impact on the aquatic environment.

G. The proposed disposal site (levee route inside the river

channel) for the discharge of fill materials is specified as
complying with the requirements of these guidelines.
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ATTACHMENT C
PUERTO RICO COASTAL ZONE PROGRAM
CONSISTENCY DETERMINATION AND

APPLICATION FOR CONCURRENCE

DEPARTMENT OF THE ARMY
LE CORPS OF
£.0. BOX 4970
JACKSONVILLE, FLORIDA 32232-0019
August 29, 1996

- REPLY TO
Plann:tng Dfvision
Environmental Branch

Honorable Norma E. Burgos

Chairwoman, Puerto Rico Planning Board °
Minillas station

Post Office Box 41119

San Juan, PR 00940-9985

Dear Ms. Burgos:

The U.S. Army Corps of Engineers, Jacksonville District,
coordinated a Draft Feasibility Report and Environmental
Assessment (EA) for flood control works along the Rio Nigua de
Salinas at Coco Ward and Salinas-Playa de Salinas for public
and agency comment in Puerto Rico during May-June, 1996.
Comments have been received from Puerto Rico and Federal
agencies, and a letter of support for the project has been
received from Mr. Gelabert, Secretary of the Puerto Rico
Department of Natural and Environmental Resources. We have
received concurrence from all commenting agencies, including
the Puerto Rico Environmental Quality Board, U.S. Fish and
wildlife Service (reproduced in their Coordination Act Report),
U.S. Environmental Protection Agency (EPA), and the National
Marine Fisheries Service (NMFS).

In accordance with our agreements, at this time we wish to
subnit our determination of consistency with the Puerto Rico
Coastal Manag t to the Board for review. We enclose
a completed form JP-833 and copies of agencies' letters of
concurrence with the Draft EA.

Thank you for your consideration.

Sincerely,

rge M. Strain
ing chief, Planning Division

Enclosure
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APPLICATION FOR CERTIFICATION OF CORSISTENCY WITH THE
. PUERTO KICO COASTAL MANAGEMENT FROGRAM

Genersl Instructicns:

A. Attach a 1:20,000 scale, U.8. Geological Survey top
quadrangular base map of the site.

B. Attach a ressonably scaled plen or schematic design of the
proposed project, indicating the following:

1. Peripheral sreas
2. Bodies of water, tidal limit snd natural systems

C. You mey sttach any further i you 1d >4
for proper evaluation of the propossl.

De If any & d in the ! ire does not apply
in your case, indicate by writing *N/A* (not applicable).

B. Submit a minfmum of seven (7) coples of this application.

DO NOT WRITE IN IHIS BOX
Type of application: Application number:
Date rveceived: Date of certiffcation:
Evaluation result: /__/ objection /7 D L7 snegotiation
Technician: Suparvisor:
Cooments:
1. Eame of Federal Agency: 0.S. ARMY OORPS OF ENGINEERS, JACKSONVILLE DIST.

I Progr: og N 2
2 ederal am Catale usber: 12.106  ( )

. 12 M
3. Iypeof Actlom: o) orks (Construction of Flood Control Public Works)
X __/ Fedexal Activity [ / License or permit [ / rederal assistsuce

&. PBame of Applicant: g g, Army, of Engineers, Jacksonville District
'
Postal A as: o meoepentim with P.R. Dep't. of Natwal&Env. Reacurces
hone: Jacksonville, Florida 32232-0019
Telep] 3 (904-232-1692)

5. PBroject Name: pRi, Njgua at Salinas Flood Control Project

6. Physicel Description of Project Locatlon: ynicipio de Salinas, Barrio Coco y Playa

Salinas, PR. Al East . i mous
(ares, 'fncut:i(u ‘{‘g:h a8 vt:lrfcuofnrr i-vcetce)n, lﬁ-w }tot- m«:‘q

sewer placement, etc.) access by means of highways PR 1 and PR-52: local roads.

The Coco levee will be 4 km long; the Salinas-Playa levee will be 3 km long. ex-
tending from Highway S52-Bwy 1 intersection to the coast.
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7. Type of construction or other work proposed:
drainage ( ) channeling { ) landfill () sand extraction ( ) pier ()

bridge () residential( ) tourist ()

Other (specify sad explain) iy yi)) pe a publicly-funded (Pederal-Commonvealth)
flood control project to protect the town of Salinas as well as barrios Coco and Playa
from river overbank flooding from the Rio Nigua de Salinas. The Secretary of DNER
has expressed support for this project (refer to EA Coordination Attachment)

Description of proposed work: pjgoa ion will be provided the town by con
struction of two levees. Atoaoo,thelcmviuaveuge:!.&:hiwmdvulbe nearly 4 km
laq(nlcqndhofm-limidewmngo). At Salinas and Playa, the levee will

follow the E. side of the river, entering the channel above the Buy 1 bridge and the old
railroad bridge, continue south and end inshore from the coast. This levee will grade from
nstlySlhighmrP&-SZf.omlylSlh@mrﬂnmt Project includes relocation

jon of 1 madnndtu:dovathen-
!ff res. Ldﬁs andmloﬂt eeeondaryl eas comd v

me«:w(mﬂ. rr)lrﬂmhimdcmlogialsitevinhe]

2128868558 bpposite any of the systems fndicated below that are in the
project ares or its surroundings which are likely to be affected by the activity.
hm;:u the distance from the project to smy ocutside system that would likely

affected.

¥o wetlands, forests or other matwal will be 3
System Within Outside Distance Local name of
Proiect Project |
beach, dunes
sarshes

coral, reefs

river, estuary x R. Nigua This is a river

bird sanctuary joorridor project.
pond, lake, lagoon
agricultural wnit
forest, wood

cliff, breakwater
cultural or tourist area
other (axplain

Bistoric sites (3) (3) 1 bridge; railroad
idge, historic site

Describe the likely impact of the project on the identified system (s) .

Positive [/ Negative [ mm bridge to be removed;
Bighway bridge will be replaced by higher bridge; historic archeological site
Explain: ;.40 *footprint" of levee and will be covered over; mitigation will be
by BAER documentation of bridges and study of hist. arch. site. SHPO has
concurred

9. Indicate permits, app 1s and end of the proposal by Federal and
Puerto Rican government agencies. Evidence of such support should be attached
to the proposal. .

Application
Yes Ko Pending Number
a. Planning Board <) ) )
b. Regulation and Permits Administration ) ) )
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Application
Yes No  Pending _ Number
c. Eaviroomental Qualicy Board (x) ) <) —Refer to EA
d. Department of Natural Resources ) ) ) Brojact lacal SPonsc
kis. State Historic Preservation Office (x) ) ) Letter of concurrenc
f. U. S. Army Corps of Engloeers () (x) () This is COE Project!
8- U. §. Coast Guard <) <) (x) BaS_Besn potified
h. Other (s) (specify) ® () () uv.s_EeA (concxred)
s x Concurred (Ref. EA)

CERTIFICATE: I certify that (project name) Rio Nigua at Salinas Flood Cogtrol Project

is consistent with the Puerto Rice Zone M 7

and_ chat to the best of my knowledge the above information is true.
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Rio Nigua at Salinas, Puerto Rico
Evaluation of Consistency with Puerto Rico Coastal Management

Program

Name of Project: Rio Nigua at Salinas, Puerto Rico, Flood
Control Project, as proposed in Feasiblity Study Report and
Envir 1ital A at.

Type of Project: A cost-shared (Federal-Commonwealth flood
control project). The project is recommended by a study funded
jointly by the U.S. Army Corps of Engineers, Jacksonville
District (USACE) and the Puerto Rico Department of Natural and
Environmental Resources (DNER). The study was authorized by a
Resolution of the U.S. House of Representatives. The recommended
flood control project would protect Salinas (including the “Playa
de Salinas” ward) and El Coco rural community. The recommended
plan is supported by a Feasibility Study Report and Environmental
Assessment (attached).

Project Sponsor: If the project is approved, the sponsor would be
the USACE and the co-sponsor would be DNER. As alternative plans
were developed, the co-Sponsor (DNER) assisted in identification
of significant natural resources of the study area, as has the
U.S. Fish and Wildlife Service (FWS). An EA has been prepared
for the flood control plan recommended by the Study. The project
is located in part in the coastal zone of Puerto Rico, which
includes the estuary of the Rio Nigua at Salinas, which begins a
short distance south of the Highway 1 bridge and continues to the
river mouth.

Project Description : The recommended plan would protect El
Coco rural community and the town of Salinas, including Playa de
Salinas, from river overbank flooding, by means of two
(unconnected) earthen levees. The downstream levee would begin
upriver of Highway 52 on the east bank of Rio Nigua, and would
extend to the north side of the Highway overpass. Beginning
again on the south side, it would extend to the coastal bexrm. A
second levee, also on the river’s east bank, would protect “el
Coco” rural community, located about 3 km upstream near the east
bank of the river. This levee is not inside the coastal zone.
Both levees would be of earthen construction with a 3 m crown and
2.5 horizontal on 1 vertical side slopes. The Salinas levee would
be about 3 km (1.8 mi) long and average 4.5 m {15 ft) above
ground elevation at its northern end, :diminishing gradually to
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only 1.5 m (5 ft) high near the coast. Other project features
include removal of channel obstructions, including an old
concrete ford and the historic Highway 1 bridge and railroad
bridge over the river. Minor channel realignment, involving
levee construction inside the channel and excavation of the
opposite (west) bank, will be necessary near this bridge to
provide conveyance, and will require removal of an estimated 35
residences on the west bank. Other project features include
installation of several culverts in the levee for interior
drainage, and re-routing of access to structures on the west
river bank by means of a new road, which will run north from
Highway 1, on the west side of the river bridge, along the west
bank to provide access to a commercial quarry and therapeutic
community. There would be no adverse effects on wetlands, Natural
Heritage elements, threatened or endangered species, wildilfe or
fisheries. Cultural resources that would be adversely affected
include the historic Highway 1 bridge, a historic archeological
site on the coast, and the old sugar cane railroad bridge located
south of Highway 1. The railroad bridge is scheduled for removal
by the Commonwealth prior to project construction. If it is not
removed, it will be documented, as will the Highway 1 bridge, to
Historic American Engineering Record (HAER) standards. Further
cultural resources investigations would include documentation of
the historic archeological site and documentation of significant
vernacular architectural elements in the residences to be
removed, if any.

A gasoline station with an underground storage tank, located
near Highway 1 east of the river bridge, may also be in the
project footprint. It is not known if the subterranean tank will
require removal for the project levee, or if it can be avoided.
In case tank removal proves necessary, a funding estimate has
been included for this work and any required remediation.
However, at this time there is no indication that the existing
tank is not functioning properly.

Borrow and disposal sites are upland areas that are outside
the coastal zone. The Coco levee is also outside the Coastal
Zone.

Probable Effect of the Project on Coastal Natural Resources.
Significant coastal resources at the river mouth include mangrove
forests, the river estuary itself, salt marsh emergent wetlands
and undeveloped coastal dunes inside a Federally designated
Coastal Barrier Resource Segment (PR-46). Early identification of
these resources allowed the project levee to be designed so that
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it would not impact them. These areas will be avoided by the
coastal levee, which has been aligned so as to pass to the east
of the estuary and the Coastal Barrier, through uplands. An
estimated 1.9 acres of the east bank of the river bed will be
filled by the Salinas levee above the estuarine zone; but an
equal area (1.9 acres) of the west river bank will be graded down
to form a new riparian bed on the opposite side of the river, so
that the stream will have the same conveyance as at present.
Because adverse affects to coastal wetlands have been avoided, no
wetlands mitigation is necessary.

The project will not cause secondary or indirect adverse impacts
to the coastal resources, because it will not diminish or
increase the volume or timing of waters arriving at the coastal
zone, nor will it cause adverse changes in water quality.

Permits Required: A Corps of Engineers permit will mot be
required for the proposed action. This is a Federally funded
civil (public) works project, not a permit action. The attached
Feasibility Study Report and EA explain subsequent steps to be
taken by the Corps of Engineers and the co-sponsor. °

A Water Quality Certificate will be required from EQB and will be
applied for when the EA coordination is complete.

An N.P.D.E.S. permit or waiver will be required from U.S. EPA.
Incidental permits required from EQB prior to construction
include: C.E.S.T. plan permit, Fugitive Dust permit, Solid Waste
Generators’ permit. These incidental permits are obtained by the
Contractor.

Relationship between the proposed project and the Puerto Rico

C tal Manag t Plan Policies. The Coastal Zone Management
Program recognizes various flood protection strategies, including
public education, protecting flood-prone areas from development,
Federal Flood insurance programs, and early warning systems
coupled with flood evacuation. An early warning and evacuation
system is available for Salinas, but the lead time is very short,
risking the chance of loss of life if evacuation is not completed
quickly. The C2MP policy for people who already 1live in
floodable areas is construction of flood control works to avoid
property damage and loss of life, and, where necessary,
relocation (NOAA 1977). The Rio Nigua study was undertaken at
the request of the Govermor of Puerto Rico, and it considers all
economically viable and hydraulically efficient alternatives for
flood protection. The proposed plan recognizes the need to
protect presently developed areas, while avoiding expansion of
development into adjacent flood-prone areas.

Therefore, the U.S. Army, Corps of Engineers has determined that
the recommended plan is consistent.
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ATTACHMENT D
FISH AND WILDLIFE COORDINATION

ACT REPORT

United States Department of the Interior

FISH AND WILDLIFE SERVICE
Caribbean Field Office
P.0. Box 491
Boqueron, Puerto Rico 00622

August 14, 1995

Mr. A. J. Salem

Chief, Planning Section
U.S. Army Corps of Engineers
P.O. Box 4970

Jacksonville, Florida 32232

Dear Mxr. Salem:

Enclosed is our Coordination Act Report for the Rio Nigua at
Salinas Flood Control Project. This report constitutes
fulfillment of Section 2(b)of the Fish and Wildlife Coordination
Act. If you have any questions please feel free to contact us.

Sincerely,
i
Felix Lopez
Acting Field Supervisor
fhl
cc:

COE, San Juan
DNR, San Juan
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Executive Summary

The US Army Corps of Engineers is proposing to reduce flooding and flood damage to the
communities of Coco and Playa de Salinas from the Rio Nigua. Current plans call for a
levee for the Coco Community in the upper portion of the Rio Nigua. Measures for the
lower portion of the town and the Playa Salinas area have been revised. Plans now call for
downsized levees and the elimination of the proposed relief channe] while still providing SPF
level of protection (See Fig. 1 & 2).

The direct project impacts to fish and wildlife resources caused by the proposed levee route
will be minimal since most of the alignment is abandoned agricultural fields and urban
areas. Impacts to fish and wildlife resource for the upper portion of the project are
negligible since the levee will be built within the existing boundaries of the Camp Santiago
military base. Impacts to wetlands will be avoided at the end of the Jevee by its reduction
in footprint.

The Playa Salinas segment will include only a levee, along the town. Fish and Wildlife
concerns with the maintenance of flow in the wetlands associated with the current river
mouth and the designated Coastal Barrier PR-47 have been adequately addressed by the
elimination of the diversion channel and reduction of the levee.

This report constitutes fulfillment of Section 2(b) of the Fish and Wildlife Coordination Act,
and constitutes a final report as required by the Act.
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Project Description

The US Army Corps of Engineers is proposing to reduce flooding and flood damage to the
communities of Coco and Playa de Salinas from the Rio Nigua. Current plans call for a
Jevee for the Coco Community in the upper portion of the Rio Nigua and channel
improvements, and a levee for the lower portion of the town and the Playa Salinas arca.
Service coordination on this project includes several site visits, a review of the Corps
Reconnaissance Report in August 1990, and participation in the scoping process.

Description of Study Area

The Rio Nigua is located on the south coast of Puerto Rico. This area is designated as sub-
tropical dry forest with a rainfall range between 600-1000 mm a year. Rivers in this area

are known to have periods of very low or no flow. As a result, a sand berm usually blocks
the river mouth during months of little rainfall. This berm is broken during the first large

flood of the season. Estuarine, riverine and basin mangroves are common in these systems
as well as salt flats and seasonal salt marshes.

mmmbeknpaaedintheCocosConmmityishuwdwhhintheCampSanﬁagobase
property. The proposed levee will follow the existing security fence alignment. The area is
mostly grass land with isolated individual trees. There are o significant areas of wildlife
concern.

The Playa Salinas sector consists mostly of urban development. In some areas this
development goes right up to the river bank. Vegetation along the river bank is limited and
severely impacted by development. The river channe] has been extensively modified by
Municipdﬂoodconnolmmwhichinchxdesthcwideningofﬂwchmmlwith
bulldozers. The proposed levee will cross through an arca that consists of abandoned
agricultural lands. Almoughmwsandﬁmowsmstillvisibleonduground.dﬁsmhas
been colonized by rapid growing weedy species and thorn scrub. A small saltflat area
associated with a tidal creek would have been impacted by the previously proposed project.
Current project dimensions will avoided impacts to wetlands through downsizing .

Soils: Soils in the lower portion of the project site consist of Arenales sandy loam (Arn),
Cobbly Alluvial Land (Cn), Vayas Silty Clay (Vc), Guamani Silty Clay (Gm), Meros Sand
(MrB) and Tidal Flats (Ts). Of these soils, Cobbly alluvial land, Meros sand and Vayas silty
clay are known to have hydric inclusions. Tidal flat is a hydric soils.

The proposed levee will impact Arcnales, Cobbly Alluvial, Guamani, Vayas, and Meros
soils. Saltflat vegetation is probably associated with the Vayas or Meros soils.

Existing Resources

Wetlands: Very little wetlands exist within the project area. Riverine wetlands are
restricted to the Rio Nigua channel only. The banks of the Nigua are fairly steep in some
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areas. At other areas, the banks have been broadened by local flood control efforts. Bank
vegetation is comprised of scrub with very few trees. Wetland vegetation within the river is
comprised solely of grasses. The estuarine area of the river is comprised of red (Rhizophora
mangle) mangroves along the banks with a basin forest dominated by black (Avicennia pitida)
and white mangroves (Laguncularia facemosa) on either side. This area is also designated as
a Coastal Barrier (PR-47). Periodic flooding of this area is necessary to the system’s
ecological well being, flood waters flush the area and provide the hydrology for the adjacent
basin mangroves.

A tidal creek is located just east of the project. This creek has restricted flow and flushing
because of a poorly designed culvert and bridge. Extending from the creek are seasonal
wetlands comprised of cattails (Typha domingensis) grading into a small salt marsh
comprised mostly of sedges (Fimbristylis sp), and salt grass (Sporobolus virginicus).

Uplands: Upland vegetation is restricted to scrub/shrub vegetation comprised of turpentine
tree (almicigo Bursera simaruba), mesquite (bayahonda, Prosopis julifiora), tachuelo (Pictetia
aculeata), ucar (Bucida buceras), tantan (Leucaena glauca), cat’s claw (Pjthecellobium
unguis-cati). In some areas this vegetation has formed a thicket. The lower portion of the
levee pass through this type of vegetation. The Camp Santiago section is comprised of
upland grasses with occasional individual trees.

Wildlife: Avifauna forms the bulk of the wildlife resources for the area. The Rio Nigua
provides foraging habitat for numerous wading birds such as herons and egrets. The estuary
provide fishery habitat as well as wildlife habitat. Most of the wildlife resources are
associated with the Rio Nigua proper. Wildlife habitat away from the river has been
severely degraded by urban development and agriculture.

Endangered Species:

The proposed project site falls within the range of the Antillean manatee (Trichechus manatus
manatus) and the yetlow-shouldered blackbird (Agelaius xanthomus), both species are
designated as endangered under the Endangered Species Act of 1973 as amended. The
beach front of the area has been occupied by coastal development and the remaining beaches
within the project site may not be suitable for nesting seaturtles. Because no construction
will extend into the marine ecosystem, adverse impacts on manatees are not expected. The
mangrove arcas along the banks of the river and creck may harbor yellow-shouldered
blackbirds and provide roosting and nesting habitat. However, mangroves will not be
directly impacted by the project and adverse impacts to the yellow-shouldered blackbird are
not expected.

Project Impacts

Without the project the Salinas community will probably continue to suffer from periodic
short term flooding from the Rio Nigua. The project’s impacts to fish and wildlife resources
and habitat will be negligible because of the area’s development. Impacts to the estuary has
been minimized by eliminating the diversion channel. Impacts to wetlands by the levee
have also been avoided by the projects new dimensions.
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Previously proposed Flood Control Measures
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FINDING OF NO SIGNIFICANT IMPACT
RIO NIGUA AT SALINAS, PUERTO RICO FLOOD CONTROL STUDY
AND RECOMMENDED PROJECT

I have reviewed the revised Feasibility Report and Environmental
Assessment (EA) prepared at the conclusion of the Flood Control
Study, which recommends the proposed action. Based on information
analyzed in the Report and EA, reflecting pertinent information
obtained from other agencies and special interest groups having
jurisdiction by law and/or special expertise, and based further on
comments and recommendations obtained after coordination of the above
report, I conclude that the proposed action will have no significant
impact on the quality of the human environment. Reasons for this
conclusion are, in summary:

1. There will be no adverse impacts to endangered or threatened
species of flora or fauna, wetlands or significant fish or wildlife
populations or habitats. Responsible resource agencies have
concurred with this determination.

2. Water quality will not be adversely affected. Commonwealth
Water Quality Standards will be met and a Water Quality Certificate
(WQC) will be requested from the Puerto Rico Environmental Quality
Board (EQB). By letter dated 30 July, 1996, EQB accepted the Draft
EA and indicated willingness to accept WQC application. The United
States Environmental Protection Agency (EPA) has concurred with the
EA.

3. Three significant historic resources may be affected by the
recommended project alignment. Two of these resources, historic
bridges, must be removed before or during project construction, and
mitigation for this adverse effect will be by documentation of the
structures to Historic American Engineering Record (HARER) Standards.
The third resource is a historic archeological site that may lie
partly in the footprint of the Salinas levee. Preferred mitigation
for this resource is avoidance; mitigation for impact, if avoidance
is not feasible, will be by additional studies and documentation.
The State Historic Preservation Officer (SHPO) has concurred with the
Corps determination that if avoidance is not feasible, documentation
of the resources constitutes adequate mitigation.

4, The project has been determined to be consistent with the Puerto
Rico Coastal Zone Management Program. A Determination of consistency
was included as an Attachment to the EA. An application for CzM
concurrence has been submitted to the Puerto Rico Planning Board,
subsequent to EQB’s approval of the Draft EA. Planning Board
concurrence is expected because no Puerto Rico government agency
objects to the project.

S. A level-l survey and assessment for the presence of hazardous,

toxic or radiologic waste materials (HTRW) was carried out in 1993
and updated in December, 1995. No HTRW materials are known or
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indicated in the project footprint. A gasoline station that may be
affected by the lower Salinas levee includes an underground storage
tank. The tank is not a known source of contamination but it may
fall inside the levee footprint; hence, removal cost for this tank
and remediation costs are included in the project cost estimate as a
worst-case contingency.

6. Public benefits include improvement of public safety and
elimination of property losses due to high stage, low frequency
floods. Additional direct economic benefits include flood protection
of high-value winter crops, increased employment and advanced
replacement of a highway bridge. Adverse effects are all related to
the construction phase of the project and include minor changes in
noise levels and traffic congestion. These transitory adverse
effects will cease when the project is built, and they will be
minimized by close monitoring of construction staging and sequencing.

In consideration of the information summarized, I find that the
proposed action will not significantly affect the human environment
and does not require an Environmental Impact Statement.

“ 2 ;’E@z ERR; .L. R
(Dake) olonel, U.S. Army
istrict Engineer

James A. Connefl
Lisutenant Coionel, U.S. Armey
Acting District Eaginest
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I. INTRODUCTION

This appendix provides a description of the study methods
associated with the hydrologic investigation of the Rio Nigua
drainage basin. It further presents the resulting data that
define the hydraulics of Rio Nigua in the vicinity of Salinas,
Puerto Rico.

II. RIO NIGUA AT SALINAS, PUERTO RICO

The analyses and data that follow define the existing
flooding conditions for the Rio Nigua at Salinas Feasibility
Study. The study reach extends from the mouth of Rio Nigua, past
the town of Salinas, to the town of Coco, Puertc Rico - a
distance of approximately 7 kilometers. Additionally, this
section presents the hydrologic data that reflect a consideration
of future conditions development in the Rio Nigua drainage basin.
Rio Nigua and its tributaries are shown on Figure A-1.

A. The Rio Nigua Drainage Basin
1. Description of the Watershed

Rio Nigua completes the run to the sea and joins
Mar Caribe as it discharges its flow into Bahia Rincon,
approximately 1.5 kilometers southwest of Salinas, .Puerto Rico.
Salinas is located on the southern coast of the island, about 33
kilometers East of Ponce, the second largest city in the
Commonwealth. Rio Nigua and its tributaries drain a basin that
covers approximately 142 square kilometers. The climate is warm
and dry. The average temperatures are 26.6 degrees Centigrade
for the year, 24.9 degrees for January, and 27.8 degrees for
July. The average annual rainfall ranges from 61 to 114
centimeters from the coastal plains to the more upper reaches.
The basin, in large part, embraces the southern slopes of the
Cordillera Central, that longitudinally oriented mountain system
that divides the island, North from South, and forms the major
hydrologic surface water divide. The peaks and main escarpment
of the Cordillera Central range between 750 and 1200 meters above
mean sea level. The highest point in the Rio Nigua drainage
basin is at an elevation of approximately 860 meters above mean
sea level. The upper reaches of the basin that drain the
mountain slopes are steep, and they drain very quickly. That
gradient progressively moderates as the channels converge in the
foothills and form the braided streams that cross the coastal
plain. Puerto Rico Highway 52 enters the basin from the west at
a point about 2.5 kilometers north of the coast. It meanders
toward the southeast and passes near the northern limits of

139



151

Salinas, where it begins a broad sweeping turn toward the
northeast. The highway continues parallel with the eastern basin
edge as it ascends from the coastal plain into the foothills.
Near Rabo del Buey, it enters the central portion of the
watershed and rises northeasterly through the mountains to cross
the basin divide about 17 kilometers northeast of .Salinas.

2. Topography

The upper Rio Niqua drainage area is predominantly
mountainous. The highest peak in the basin is approximately 860
meters above mean sea level. As the river flows southerly, it
descends from the highlands, transits the foothills, and crosses
one of the most distinctive alluvial fans on the south coast of
Puerto Rico. Approaching Salinas, the slope flattens to
approximately 3.7 meters per kilometer, as the river continues
across the coastal flood plain, breaches the small estuary, and
exits to the sea.

3. Tributaries

Two major tributaries combine with Rio Nigua to
produce the total discharge that flows from the mouth into the
sea. Rio Lapa drains an area of approximately 32 square
kilometers, and joins the system near the town of Rabo del Buey,
8.4 kilometers upstream from Salinas. Rio Majada drains
approximately 61 square kilometers, and flows into Rio Nigua 6.1
kilometers northeast of Salinas, just north of the town of Coco.

4. B8oils

. The document, "Soil Survey of Humacao Area of
Eastern Puerto Rico", published by the United States Department
of Agriculture Soil Conservation Service, delineates the various
soil associations within the Rio Nigua basin, on aerial
photography maps. There are three predominant soil associations
in the Rio Nigua watershed. Coamo-Guamani-Vives association:
Deep, well-drained, nearly level to strongly sloping soils on
terraces and alluvial fans. This soil type is classified in
hydrologic soil group B. Descalabrado-Guayama association:
Shallow, well-drained, strongly sloping to very steep soils on
the volcanic uplands. This soil type is classified in hydrologic
soil group D. Jacana-Amelia-Fraternidad association: Moderately
deep and deep, well-drained and moderately well-drained, nearly
level to strongly sloping soils on terraces, alluvial fans, and
foot slopes. This soil type is classified in hydrologic soil
group D. The subbasins in the Rio Nigua watershed with their
associated predominant soil type are listed in Table A-1.
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‘5. Available Hydrologic Data

The Water Resources Division of the US Geological
Survey, in cooperation with local and other federal agencies
accumulates extensive data pertaining to the water resources of
Puerto Rico. This information is collected at streamflow gaging
stations, water quality stations, and ground water observation
wells throughout the island, and compiled each water year for
publication under the title, Water Resources Data Puerto Rico and
the US Virgin Islands. The data may contaln measurements of
discharge, stage, sediment, water quality, and ground water
level. sSome streams have been monitored and records have been
maintained for more than 25 years. The Rio Nigua basin has two
streamflow gaging stations currently collecting discharge and
stage information (two other stations are no longer in service).
In general, streamflow gages for Rio Nigua and its tributaries
are characterized by short periods of record. The basin's
streamflow stations are summarized in Table A-2; they may be
located in the basin on Figure A-2.

6. Flood History

Hydrologic Investigations Atlas HA-447, Floods in
Salinas Area, Puerto Rico by William J. Haire, and published by
The United States Geological Survey reports that floods occurred
on most streams in Puerto Rico during the period October 5-10,
1970. However, the greatest floods were experienced throughout
the area east of a line connecting Arecibo to Ponce, which
approximates the eastern two-thirds of the island. The entire
drainage basin of Rio Nigua lies within this region. Higher
floods have occurred in other years in some areas, but the floods
of October 1970 were notable for their duration and multiple
peaks. The volume of runoff was unusually large. The floods
were the result of rainfall that totaled as much as 89
centimeters, at some places, during the 6-day period. The peak
discharge of Rio Lapa near the mouth during the flood of October
1970 was 207 cubic meters per second (cms), an average of 8.1 cms
per square kilometer of drainage area. The peak discharge of Rio
Majada near its mouth was 368 cms, an average of 6.3 cms per
square kilometer. The flood of August 1956 was slightly higher
than the 1970 event. The September 1928 flood, however, was 1 to
1.5 meters higher than the 1970 flood in the upper part of the
coastal plain, and from 0.5 to 1 meter higher near the coast.
The 1928 event was associated with the severe tropical
depression, hurricane San Felipe, that crossed the island on
September 13. The United States Department of Commerce
publication, Climate of Puerto Rico and US Virgin Islands, by
Robert J. Calvesbert, reports -that the intensity of the storm,
exemplified by the strength of the maximum winds (measured at 258
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kilometers per hour in San Juan), was responsible for 300
fatalities and 50 million dollars in crop and property damage
along its path from Aquirre, near the southeast of the island, to
Aquadilla, on the northwestern shore.

Flood Atlas HA-447 indicates that other notable
floods occurred at Salinas, with Rio Nigua out of its banks,
during the years 1899, 1933, 1936, 1949, 1960, and 1961.

7. Rainfall

The US Department of Commerce Weather Bureau has
published ‘Technical Paper No. 42, Generalized Estimates of
Probable Maximum Precipitation and Rainfall-Frequency Data for
Puerto Rico and Virgin Islands. This report presents rainfa.
data for various hydrologic design problems involving areas up to
1,036 square kilometers and rainfall durations up to 24 hours.
Included in the report are generalized estimates of Probable
Maximum Precipitation (PMP) from cloudbursts and from hurricanes,
and rainfall-intensity-frequency data for return periods from 1
to 100 years. Many meteorological data measuring stations are
maintained throughout the island. A total of 102 Puerto Rican
stations which take precipitation observations once daily were
used in the frequency analysis. Technical Paper No. 42 presents
the rainfall-intensity-frequency data on a series of isopluvial
maps that depict rainfall intensity as precipitation contours.
The series is arranged by storm duration and probable storm
return period.

Table A-3, Average Point Rainfall for the Rio Nigua
Basin was developed from the rainfall intensities shown on the
isopluvial maps in TP-42. Hypothetical storms used by the runoff
model for Rio Nigua basin response analysis were generated from
the data in this table. The model converts 50, 20, and 10
percent frequency rainfall from the table to annual series
rainfall, and point rainfall depths from the table are reduced to
reflect sub-basin area over which the storm is experienced. The
total storm is automatically distributed according to the
specified depth per duration data. A triangular precipitation
distribution is constructed such that the depth specified for any
duration occurs during the central part of the storm.

III. HYDROLOGY
A. HEC-1 Flood Hydrograph Model

The Army Corps of Engineers flood hydrograph model
(HEC-1) was used to simulate the surface runoff response of the
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Rio Nigua basin to precipitation. The model accomplishes this
simulation through the generation of streamflow hydrographs for
critical locations along the Rio Nigua stream system. The
hydrographs represent a complete time distribution of runoff.
This time series discharge data is essential for an engineering
analysis of the river's reaches during low flows and flooding
conditions, because it contains important information about peak
discharge and total runoff volume. Model development assumes
that the river and its basin may be represented by an
interconnected network of hydrologic and hydraulic elements.
Further, the characteristics of these elements may be expressed
in terms of numerical parameters, and the relationships of each
element within the network are mathematically understood. HEC-1
is capable of analyzing runoff response to natural or synthetic
storms, and the user may select from a variety of internal runoff
and routing algorithms to perform these analyses.

B. Formulation of the Rio Nigua Basin Runoff Model

The hydrology of the Rio Nigua basin may be understood
in terms of the primary components that interact within the
framework of the HEC-1 runoff model. Synthetic, spatially
reduced, distributed storms of various frequencies affect an area
with a runoff potential coefficient directly related to overland
runoff travel times to produce streamflow discharge hydrographs
at critical stream locations. .

1. Drainage Area

Standard USGS 1:20,000 scale, 7.5 minute series,
topographic quadrangle maps of Puerto Rico were examined to
delineate the overall boundaries of the Rio Nigua watershed. The
watershed was then subdivided into smaller units that were
assumed to be hydrologically similar throughout, and therefore
capable of being represented by model parameters that reflect
average conditions. This subdivision produced 10 subbasins.

Each of the subbasins was measured to determine its area for
input to the model. The Rio Nigua watershed and its subbasins
are shown on Figure A-1l. Subbasin characteristics are identified
on Table A-4.

2. Curve Numbers

The Soil Conservation Service of the US Department
of Agriculture has developed a soil classification system that
assigns soil types to hydrologic soil groups, and relates
drainage characteristics of soil groups to a curve number. The
soils of Puerto Rico have been examined in terms of this scheme.
A curve number for each subbasin was calculated based on
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predominant hydrologic Soil group after consideration of soil
cover, land use type, and antecedent moisture condition. Table
A-1 shows Soil Conservation Service runoff curve numbers and
associated predominant soil types for each subbasin.

3. lag Time

Time of concentration is the time required, during
a storm, for the entire basin area to contribute to the surface
water outflow. The time of concentration is affected by the
watershed's surface conditions, land slopes, soil types, and
surface water management. Mannings equation for velocity of open
channel flow was used to calculate concentration times for each
subbasin. A lag time for each subbasin was then determined from
the relationship, lag = (0.6) x (time of concentration).
Subbasin lag times appear in Table A-4.

4. Existing and Future Hydrologic Conditions

Land use changes and significant alterations to
slope and topography within a drainage basin can affect the
hydrologic response of that basin to rainfall. Possible future
land use and topography changes were considered for each of the
Rio Nigua subbasins. The upper reaches are steep and rugged, and
little change is anticipated. The mid reaches are mostly within
the boundaries of Camp Santiago, and are expected to experience
little developmental change. The land within the limits of Coco
and the town of Salinas itself were considered to be the two most
likely areas that may experience changes of hydrologic
significance. The subbasins that contain those two areas were
parameterized for possible future conditions development, and the
hydrologic model was again run to provide future conditions
discharges. There was no significant difference between these
discharges and those produced for existing conditions.

Therefore, the discharges shown on Table A-5 are applicable for
both existing and future conditions.

5. Discharges

Rainfall deptn per duration data taken from

Technical Publication No. 42 for storms ranging in frequency from
50 :rcent exceedance to 1 percent exceedance was combined with
sut_asin hydrologic and hydraulic parameters within the framework
of HEC-1. An SPF rainfall assumed to be 125 percent of the 100-
year storm was also analyzed by the model. Existing conditions
routed peak discharges for these storms at locations along the
Rio Nigua Stream network determined to be critical for analysis
of the system appear in Table A-5. Flood hydrographs for these
same storms at the mouth of Rio Nigua are shown in Figure A-3.
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Data from a comparison of discharges recorded at station number
1007 (Rio Majada at Rabo Del Buey), discharges predicted by
regional regression equations, and discharges estimated by the
HEC-1 runoff model appear in Table A-6. A reiteration of this
comparison is presented graphically by the flood flow frequency
curve in Figure A-4.

6. Hydrology of Intarior Flooding

This analysis addresses the management of interior
surface runoff from areas that are protected by project levees,
reflecting future conditions development. Culvert outlet
structures that allow for drainage of interior areas to Rio Nigua
are provided for the town of Salinas. Levee sections that
protect the town of Coco do not prevent drainage of interior
acreage to Rio Nigua. Those areas drain naturally away from the
adjacent reaches of the river. US Army Corps of Engineers
Hydrologic Engineering Center Interior Flood Hydrology (HEC-IFH)
Package was used for the analysis of the interior flooding
hydrology.

HEC-IFH is a comprehensive computer program that
performs all of the components of an interior flooding analysis.
It is a framework on which the analyst can model rainfall-runoff,
routing, interior ponding, and gravity outlet performance, as a
dynamic, interactive simulation that includes changing flood
conditions in the receiving stream. For this study, interior
area flood elevation-frequency relationships were determined for
various alternative gravity outlet configurations by using design
storm event analysis in combination with interior area runoff
parameters that reflect future conditions development. The
resulting runoff was routed through existing interior ponding
areas adjacent to the project levees, and then through gravity
outlet culvert structures draining to Rio Nigua. Coincident
exterior flood stage hydrographs for the with-project condition
were used for the tailwater boundary condition affecting each
culvert.

No minimum facilities for interior drainage were
identified in the pre-project condition. Existing conditions
flood stages were used to define minimum gravity outlet
facilities that would drain the protected areas before those
stages were exceeded. Hydraulic design data for interior
drainage culverts are listed in Table A-9. Interior flooding
stages resulting from a 10-year storm are compared with existing
conditions flood stages at three locations along the line of
protection in Table A-10.
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C. Other Sources of Flooding

The detailed study area can also be flooded by
hurricane tides from the Caribbean Sea. The tide frequency
elevations, as listed in Table A-12, were taken from the report,
“Study for Federal Insurance Administration”, prepared by the
National Oceanic and Atmospheric Administration, August 1973.
Tidal flooding effects were not considered in the analysis, they
were treated as another source of flooding. Tidal flood
protection was not within the scope of the riverine protection
project but could be added in the future without an adverse
impact on the proposed plan.

Iv. HYDRAULICS
A. Existing Conditions
1. Hydraulic Modeling

Existing conditions were analyzed using the
Hydrologic Engineering Center program entitled HEC-2. This
program uses the standard step backwater computation approach for
computing water surface elevations. Attempts to use UNET proved
unsuccessful due to the steep slope in the study area. Computer
modeling of the existing flood plain showed that most of the
flood flow is conveyed through the overbank areas of the flood
plain.

In establishing a mathematical model representing
existing conditions, the study area was divided into a lower and
upper reach. The lower reach model analyzed the existing and
with project conditions for the town of Salinas and the communit:-
of Playa de fzlinas. The upper reach model analyzed the existin:
and with pro-zct conditions for tie community of Coco.

The lower reach model starts from the mouth of Rio
Nigua and continues northeasterly up to PR Hwy 52. This model
has a total of sixteen cross sections and their locations are
indicated on Plate A-1l. A railroad and two highway bridges, PR
Hwy 1 and 52, were also modeled. The normal bridge routine was
used to describe the flow through the railroad and PR Hwy 1l while
the special bridge routine was used for the PR Hwy 52 bridge.

The upper reach model starts north of PR Hwy 52 and
ends north of the community of Coco. The cross sections were
numbered sixteen through twenty-five and their locations are
indicated on Plates A-1 and A-2. There is a five barrel culvert
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structure at PR Hwy 154 and the special culvert method was used
to analyze the flow through this structure.

2. Topographic Data

The town of Salinas and the community of Playa de
Salinas were surveyed in May 1981 and topographic maps were
prepared on a scale of 1 to 5,000 with a contour interval of 1
meter. Data for the railroad and bridges at PR Hwy 1 and PR Hwy
52 were obtained by additional surveys and drawings from the
Puerto Rico Highway Authority.

For the community of Coco the detailed study area
was surveyed in September 1992 and topographic maps were prepared
on a scale of 1 to 10,000 with a contour interval of 5 meters.
Data for the five barrel culvert structure at PR Hwy 154 were
obtained by additional surveys.

3. Roughness Coefficients

For the computer model of the lower reach the
Manning's "n" value ranged from .01 to .275 for the channel and
.05 to .48 for the overbank areas.

For the computer model of the upper reach the
Manning's "n" value ranged from .03 to .08 for the channel and
.05 to .18 for the overbank areas.

4. Starting Conditions

The starting water surface elevation used for the
calibration was .68 meters which corresponds to a 10-year
potential storm tide for the south coast near Salinas.

5. Model Verification

A Hydrologic Investigations Atlas HA-447 for the
October 1970 flood was prepared by the USGS. This investigation
indicates the location and elevation of the high water marks and
estimated flood stage contours for this flood. The hydrologic
analysis indicated that the October 1970 flood corresponded to a
10-year event. The HEC-2 models were therefore calibrated to
that event.

6. Flood Stages
The flood hydrographs for frequencies ranging from

a 50 percent chance flood event to a SPF event were routed
through the HEC-2 models. Plates A-1 and A-2 show the existing
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conditions flooded areas. Table A-7 shows the water surface
elevations for the lower and upper reaches under existing
conditions.

7. Comparison to Federal Emergency Manag t Agency
Study

The Federal Emergency Management Agency (FEMA)
completed a study of the Majada River Basin in August 1986.
Figure A-5 compares the 100-year water surface elevation from the
HEC-2 models with the results from the FEMA study.

B. With Project Conditions
1. General

The existing condition HEC-2 model was modified by
blocking the flow areas east of the proposed levee alignment to
represent the with-project conditions. Plate A~3 through A-5
indicate the recommended plan for this project. Plates A-6 and
A-7 show the flooded areas with project for the 10-year and SPF
events.

2. Lavee

Proposed project design feature consist of three
levee segments which provide flood protection for the town of
Salinas and the communities of Playa de Salinas and Coco. Each
levee segment is described as follows:

a. First Levee Segment

The first levee segmerit would protect the town
of Salinas and the community of Playa de Salinas. This levee
segment would start from the coastline and end at the southeast
abutment of the PR Hwy 52 bridge over Rio Nigua. Total length of
this levee segment is about 2,963 meters. The levee side slopes
would be 1 vertical and 2.5 horizontal with a minimum crest width
of three meters. The side slopes of the proposed levee segment
were based on existing scil conditions, type of material used in
construction, and stability analysis. There will be three
drainage structures through this levee segment and a road ramp
south of the railroad. Gabion protection would be required along
the levee floodside.

b. Second Levee Segment

The second levee segment would start from the
northeast abutment of the PR Hwy 52 bridge over Rio Nigua and tie
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into PR Hwy 52, between the intersections of PR Hwy 154 and PR
Hwy 1 with PR Hwy 52. Total length of this levee segment is
about 610 meters. This levee segment would protect the town of
Salinas from flood waters entering the opening at the crossing of
PR Hwy 1 and PR Hwy 52. The levee side slopes would be 1
vertical and 2.5 horizontal with a minimum crest width of three
meters. Side slopes of the proposed levee segment were based on
existing soil conditions, type of material used in construction,
and stability analysis. A road ramp would be required where the
levee segment crosses PR Hwy 1. Gabion protection would be
required along the levee floodside.

c. Third lLevee Segment

The third levee segment would protect the
community of Coco. This levee segment would start at the
southwest end of the community of Coco and tie into high grounds
northeast of the community. Total length of this levee segment
is about 3,981 meters. The levee side slopes would be 1 vertical
and 2.5 horizontal with a minimum crest width of three meters.
Side slopes of the proposed levee segment were based on existing
soil conditions, type of material used in construction, and
stability analysis. This levee segment would be adequately
protected with established and well maintained grass over the
earthen levee.

3. Bridges

Two bridges within the study area would be
impacted. The railroad bridge located south of the town of
Salinas would be removed and the PR Hwy 1 bridge would be
replaced. A ford located-between PR Hwy 1 and PR Hwy 52 in Rio
Nigua would be removed. The PR Hwy 52 bridge and PR Hwy 154
bridge would not be replaced. Hydraulic design data for the PR
Hwy 1 bridge is indicated in Table A-10.

4. Access Road

An unpaved access road would be provided as part of
the recommended plan. It would start from the west bank of Rio
Nigua at PR Hwy 1, continue north along the western right-of-way
of the river channel and cross the Quebrada Honda to tie into an
existing road. A ford would be required at Quebrada Honda and it
would consist of only an unpaved road crossing.

5. Drainage Structures

There will be a total of three drainage structures
as part of the recommended plan. The drainage structures consist
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of corrugated metal pipes with flap gates on the levee floodside
to prevent backflow into the protected area.

6. Channel Realignment

To avoid relocating existing homes, parts of the
proposed levee segment, between the coastline and PR Hwy 52,
would be located in the existing channel. These locations are at
the intersection of the railroad and Rio Nigua and upstream of
the PR Hwy 1 bridge. The river channel would only be realigned
at these locations to restore existing conveyance capacity.

7. Borrow and Disposal Areas

- The location of the borrow and disposal areas are
indicated in the Geotechnical Appendix. These locations would
not impact the with project conditions flooded area.

C. Interior Flood Rydrology

The project levee system protects the town of Salinas
from floods from Rio Nigua. Culverts are provided for interior
drainage. The US Army Corps of Engineers, Hydrologic Engineering
Center, Interior Hydrology Package, HEC-IFH computer program was
used for the analysis. This program can simulate rainfall-runoff
processes, stream flow routings, auxiliary inflows, diversions,
ponding areas, gravity outlets, and pumping facilities.

D. Sediment Assessment
1. BSediment Model

As an aid in analyzing and computing the erosion
and deposition for existing and with project conditions for Rio
Nigua, sediment models were developed using the Hydrologic
Engineering Center's computer program entitled "HEC-6 Scour and
Deposition in Rivers and Reservoirs”. The HEC-6 program uses
storm hydrographs, geometric data, and field samples of bed
material to analyze the sediment transport capacity of the
floodway. The SAM program developed by the Waterways Experiment
Station (WES) was also used.

2. Existing Conditions
a. Ground Cover
Tropical and farm vegetation covers the

floodplain of the study area. This reduces the potential
sediment runoff into the main channel. The majority of the
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floodplain appears to be stable except within the main channel,
where there is little vegetation, relative to the rest of the
floodplain.

b. Bed Bamples

Three sediment samples were taken along Rio
Nigua, one at the mouth of the river, one at PR Hwy 1 and one at
PR Hwy 52. Gradation curves were generated from a sieve analysis
performed on these samples, which revealed that the ds, grain
size varied from very fine to medium gravel. There was some fine
to medium sand at the d,, grain size, but no cohesive or silty
soil were discovered.

¢. Deposition and Erosion

Sediment deposition and erosion rates were
calculated by deriving sediment rating curves from the gradation
curves using the Toffaleti-Meyer-Peter-Mueller method from the
Hydraulic Design Package for Channels (SAM) program. The amount
of sediment transported along the effective channel area and
within the channel cross sections were calculated through the
HEC-6 Scour and Deposition in River and Reservoirs program within
the effective channel flow area for the short term reliability
and the long term maintenance.

3. Development of Sediment Models
a. 10-Year Event

The short term reliability of the 10-year storm
event through the river revealed that there was a trap efficiency
of 82 percent. In general, the river was in a state of minor
erosion except near the railroad bridge, where the river degraded
approximately .23 meters of sediment. There were some deposition
south of the ford, near the confluence with Quebrada Honda.
However, most of the aggradation occurred at the mouth of Rio
Nigua, which was about .47 meters. The 10-year hydrograph was
incorporated into the HEC-6 model for a duration of approximately
.88 days.

b. SPF Event

The short term reliability of the SPF storm
event through the river revealed that there was a trap efficiency
of 72 percent. The river was in a general state of erosion,
which varied from approximately .1 to .46 meters. The worst case
of degradation was .81 meters, which occurred near the railroad
bridge. There were some instances of deposition between the
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confluence of Quebrada Honda and the ford. The amount of
aggradation between these two areas varied from approximately .05
to .54 meters. However, most aggradation occurred at the mouth
of Rio Nigua, which reached up to 1.57 meters. The SPF
hydrograph was incorporated into the HEC-6 model for a duration
of approximately 1.21 days.

c. Long Term Maintenance

The long term maintenance of the river was
determined by modeling a flow duration curve for approximately
219 days. This flow duration curve included the flows from 2.76
cms up to the 10-year flow. The trap efficiency of this model
was B6 percent. The river was in a general state of deposition,
which averaged approximately .19 to 1.14 meters from cross
section 6 to cross section 13. The most aggregation was
approximately 1.47 meters, which occurred at the outfall of the
river. Most of the erosion occurred near cross section 2.5.

4. Conclusions

The well established vegetation on the overbanks
will minimize any effects of erosions and deposition outside of
the effective channel flow area. Large flood events quickly
leave the main channel and traverse areas covered by vegetation.
Overbank water velocities range from .05 meters per second to
1.17 meters per second which would be considered non-erosive
under those conditions. This will translate into the majority of
aggradation and degradation occurring within the river channel.
The difference between the existing conditions and the proposed
levee alignment will not appreciably change the channel
deposition and erosion rates. This is due to the maintenance of
the same flow regimes between the with-project and without-
project design features.

5. Reconmendations

There should be several base ranges located within
the river between PR Hwy 52 and the outfall of the river. These
base ranges should be established prior to having the proposed
project in place. After the project is in place, surveys along
this range would be taken after significant flood events and
compared to the established base range surveys. Appropriate
action would be taken by the local sponsor where signs of
aggradation/degradation in the floodway have taken place. Gravel
mining can be used as one means of regulating the deposition and
erosion behavior of the floodway.
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v. HYDRAULIC DESIGNS
A. Hydraulic Design Criteria

Hydraulic design criteria and procedures used herein
are in accordance with standard engineering practice and
applicable provisions of Corps Engineering Manuals and the
Waterways Experimental Station "Hydraulic Design Criteria".
relative to design and construction of Civil Works Projects.
Engineering .criteria adopted to meet special local conditions are
in accordance with that previocusly approved for similar projects.

B. Levees

1. Alignment

A levee system designed to protect the town of
Salinas and the community of Coco is shown on Plates A-2 and A-3.
The existing condition HEC-2 model was modified to represent the
with-project conditions by terminating cross sections at stations
which would cross the levee alignment.

2. Levee Crest Elevation

Levee crest elevations were selected to conform to
criteria and guidance shown in EC 1105-2-205, “Risk and
Uncertainty”. Water surface profiles for the SPF event and other
design storms were compiled by superimposing design discharges on
calibrated HEC-2 backwater computer models of the existing
conditions for the Rio Nigua at Salinas floodway. The levee
crest profile was established by determining the discharge that
would provide the levee crest elevations from the risk analysis
at the index locations. The discharge that reproduces the crest
elevation at the index locations was determined to be 120% of the
SPF. Preliminary cost of levees for various frequency
discharges, data on maximum and minimum possible deviations in
surface roughness values, various frequency flood profiles and
discharges and levee cost were incorporated into the risk
analysis. Hydraulic design data for the selected levee is
indicated on Table A-8.

3. Levee Overtopping Analysis

The levee segments were evaluated and only one
overtopping section was identified. The overtopping analysis was
performed on Rio Nigua according to ETL 1110-2-299 dated 22
August 1986. The overtopping section would be provided between
levee station 3+00 to 4+00 of the first levee segment. This
location was identified as where there would be the least amount
of damage if levee overtopping occurred. Superiority was
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provided to insure overtopping at the proposed site. This
section would have one foot less of superiority than the
remainder of the levee segment. Overtopping water surface
profiles were computed by considering the uncertainties in “n”
values, bridge openings and discharge hydrographs.

C. Drainage Structures

There will be a total of three drainage structures as
part of the recommended plan. The culverts would be equipped
with a flap gate on the levee flood side to prevent backflow into
the protected area. Location of the drainage structures are
indicated on Plates A-3 and A-4. Hydraulic design data for the
culverts are indicated in Table A-9. The following describes
each drainage structure.

1. Drainage Structure North of Railroad

The drainage structure north of the railroad
consist of one - 1.52 meter diameter corrugated metal pipe. The
invert of the culvert would be set at elevation 4.2 meters, NGVD
and have an approximate length of 40 meters.

2, Drainage Structure North of PR Hwy 1

The drainage structure north of PR Hwy 1 consist of
two - 1.52 meter diameter corrugated metal pipe.  The invert of
the culverts would be set at elevation 6.3 meters, NGVD and have
an approximate length of 40 meters.

3. Drainage Structure South of PR Hwy 52

This drainage structure is located about 788 meters
south of PR Hwy 52 along the proposed levee alignment. It
consist of one - 1.52 meter diameter corrugated metal pipe. The
invert of the culvert would be set .at elevation 4.8 meters, NGVD
and have an approximate length of 60 meters.

D. Channels

The existing Rio Nigua does not provide in-bank
conveyance for discharges greater than the 1 in 2 year flow.
Less frequent flood flows exceed the banks and are conveyed
overland to the coast as sheet flow.

All interior drainage channels were designed to provide

collection and conveyance of flow to the drainage structures,
which would discharge to the flood plain. The channels would
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have minimal flood control value and are to provide continuous
positive drainage to the drainage structures.

To avoid relocating existing homes parts of the
proposed levee segment, between the coastline and PR Hwy 52,
would be located in the existing channel. These locations are at
the intersection of the railroad and Rio Nigua and upstream of
the new PR Hwy 1 bridge. Conveyance lost by filling in the
existing channel with the proposed levee would be replaced by
providing a new realigned channel with simjlar in-bank conveyance
characteristics.

E. Project Performance
1. Risk Analysis

A sensitivity analysis of the water surface profile
for the 100-year flood was computed by using the HEC-2 existing
conditions model. By varying the Manning’s "n" value, upper and
lower water surface profile were computed. The sensitivity
analysis was conducted by carefully choosing a upper and lower
model "n" value so as to result in a reasonable estimate of the
stage uncertainty range. The stage difference between the upper
and lower limits were taken to be the "reasonable” bounds, that
is 95 percent of the stage uncertainty range. For each reach, a
standard deviation was computed by dividing the difference
get¥een the upper and lower limits of the water surface profiles

y four.

A mean standard deviation and a skew were
determined from the discharge frequency curve and this was
assumed the same for the whole basin.

2. Risk Analysis of Discharge Frequency

Hydrologic models, such as HEC-1, determine
discharge-frequency by analyzing the rainfall runoff process and
do not have known statistics. Accordingly synthetic statistics
had to be produced in order to perform a risk analysis in this
study. A straight line representing zero skew was passed through
the HEC-1 results. Using discharges obtained from this line for
the .01, .1, and .5 frequencies a synthetic mean of 3.898 and a
standard deviation of 0.406 was determined in accordance with the
procedures presented in EC 1105-2-205. An equivalent period of
record of 25 years was established from a review of the
hydrologic methodology.
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3. Overtopping Analysis

The proposed levee Segments will exclude flows up
to and including the SPF event. Overtopping would be initiated
in the planned overtopping atea, which is located between levee
station 3+00 and 4+00 of the first levee segment. This location
was selected to provide control of initial overtopping and
minimize the possibility of overtopping in areas which posed
greater threat to loss of life and property. .

The third levee segment, proposed for the community
of Coco, does not tie into high ground at the downstream end.
The downstream end terminates at a point where the design stage
would no longer produce damages to local properties. Plate A-6
ir the Hydrology and Hydraulics Appendix shows the flooded areas
behind the proposed levee for the 10-year and SPF event. The
existing ground slope would minimize stage increase behind the
levee. The flooded area on the protected side of the levee is
only up to levee station 1+80,

Hydrographs of flood events in Puerto Rico have a
brief overall time frame. For the Coco location the time to peak
from non-threatening flows to design flood discharges are often
less than six hours. Total flood hydrographs usually last less
than nine hours. Brief times to peak of storms in this area
limit the effectiveness of any overtopping section as a flood
warning mechanism. A project levee section designated for
overtopping is not considered necessary to provide adequate
warning.

Events which exceed the SPF discharge would cause
additional flow around the downstream end of the levee and back
toward the community. However, steep ground slopes would limit
the actual flooded area.

4. Residual Flooding

With project in place, water surface elevations
within the floodway are expected to be higher when compared to
existing conditions. However, water surface elevation, within
the protected areas, will be lower or would not cause damages
when compared to existing conditions. Table A-7 and Plates A-8
through A-11 indicates a comparison of the water surface
profiles, with and without project in place.
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5. People at Risk

Residences and businesses of the town of Salinas
and the communities of Playa de Salinas and Coco have been
encroached into the fringe areas of the Rio Nigua flood plain.
The upper reaches of the basin, that drain the mountain slopes,
are steep and drain very quickly. Events are of a "flash flood"
nature with little warning available. This type of flooding is
typical for the basins in Puerto Rico. Flooding along the fringe
areas occurs when flood stages exceed the banks of the existing
channel. Flooding is quick and has a very short duration.
Overbank velocities are low "filling" velocities for the more
frequent events. Escape routes consist of paved roads which lead
to higher grounds. .

a. First and Second Levee Segments

The first and second levee segments would
protect the town of Salinas and community of Playa de Salinas.
Without project conditions, flooding in this area would first
impact homes and businesses located on the east bank of Rio
Nigua. For the town of Salinas the average depth and velocity of
an SPF flood event would be about 2.2 meters and .59 meters per
second, respectively. For the community of Playa de Salinas the
average depth and velocity of an SPF flood event would be about
.7 meters and .40 meters per second, respectively.

b. Third Levee Segmant

The third levee segment would protect the
community of Coco. Without project conditions, flooding in this
area would first impact homes and businesses located on the east
bank of Rio Nigua. For the community of Coco the average depth
and velocity of an SPF flood event would be about 2.7 meters and
.52 meters per second, respectively.

6. Data Collection

Joint field inspections with personnel from the US
Army Corps of Engineers and the local sponsor would be required.
Inspection teams would consist of personnel from appropriate
engineering disciplines who would evaluate the performance of
project features. Features such as channel and levee armoring
would also be inspected to insure performance. Subsequent to the
inspection a report is prepared to document any problems
discovered by the .inspection team and propose remedial work.
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From the Hydrology and Hydraulics Appendix,
Sediment Assessment, subsection D, paragraph °, page A-15
recomnends establishing base survey ranges pr_or to having the
proposed project in place. After the proposec project is
completed and a significant flood event has occurred in the
floodway surveys along the established ranges would be taken and
compared to pre-project conditions. Appropriate action would be
taken by the local sponsor where signs of aggradation or
degradation in the floodway have taken place. Gravel mining can
be used as one means of regulating the deposition and erosion
behavior in the floodway. e

* The above actions are taken in response to
requirements in ER 1110-2-1405. Collection of data such as
rainfall and high water marks after significant flood events
would be compiled by the USGS and/or FEMA agencies.
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TABLE A-8
HYDRAULIC DESIGN DATA FOR THE SELECTED LEVEE
RECOMMENDED PLAN
[ CROSS RVER | DEGIGN |
SECTION COMMENTS GR.ELEV. | INVERT WSEL ELEVATION | HEIGHT
M-NGVD |M-NGVD | M—=NGVD | M-NGVD ]
K] [o] g =1.0 (%]
1.0 18] -0.6 20 45 29
2.0 30 —0.4 34 45 15
25 3.0 05 a7 48 1.8
3.0 490 1.1 48 5.8 1.8
40 D/8 RAILROAD 8.0 1.5 7.0 88 33
5.0 U/S RAILROAD 50 1.6 7.0 8.4 3.4
6.0 8.0 1.8 8.1 9.5 3s
7.0 DSPR HWY 1 70 18 88 10.2 32
8.0 U/S P.R. HWY 1 7.0 20 88 10.2 32
9.0 9.0 3.0 10.4 1.8 29
10.0 10.0 4.0 125 139 39
11.0 10.0 5.0 138 163 X ]
12.0 11.0 65 155 17.2 62
130 120 75 163 179 59
14.0 D/S P.R. HWY 52 18.8 8.0 17.3 18.8 0.0
150 U/S P.R. HWY §2 189 9.0 170 189 00
16.0 165 10.0 18.7 203 38
17.0 D/S P.R. HWY 154 204 13.0 19.1 20.4 0.0
9.0 U/S P.R. HWY 154
18.1
20.0 200 17.0 236 24.2 42
21.0 24.7 195 258 26.8 2.1
218 218 26.0 s1.4 320 42
22.0 278 260 31.4 320 42
23.0 350 34.0 38.7 30.3 43
24.0 428 40.0 46.0 469 43
245 48 428 474 48.1 a3
25.0 50.3 44.7 49.4 50.3 00

D/S = DOWNSTREAM

U/S = UPSTREAM

FROM CROSS SECTIONS 1 TO 14 IS THE LEVEE SEGMENT PROTECTING THE TOWN
OF SALINAS AND THE COMMUNITY OF PLAYA DE SALINAS

FROM CROSS SECTIONS 15 TO 17 IS THE LEVEE SEGMENT NORTH OF P.R. HWY 52

FROM CROSS SECTIONS 20 TO 25 IS THE LEVEE SEGMENT PROTECTING THE
COMMUNITY OF COCO
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TABLE A-9
HYDRAULIC DESIGN DATA FOR INTERIOR DRAINAGE CULVERTS
RECOMMENDED PLAN

178

e s o T ——
AVERAGE LEVEE ULVERT CULVERT CULVERT
LOCATION GROUND CROWN LENGTH INVERT NO.~
ELEV. ELEV. (m) (m) DIA. (m)
{m) (m) NGVD
NGVD NGVD
NORTH OF
RAILROAD 5.0 8.4 40 4.2 1-152
NORTH OF 7.0 10.2 40 6.3 2-1.52
P.R. HWY 1
SOUTH OF 10.0 13.9 60 4.8 1-1.52
P.R. HWY 52
NOTE: ALL CULVERTS WILL BE PROVIDED WITH A FLAPGATE
TABLE A-10
RESIDUAL FLOODING STAGES
RECOMMENDED PLAN
10~ YEAR 10-YEAR
CULVERT EXISTING WITH PROJECT
LOCATION CONDITIONS PONDING
FLOOD STAGE STAGE
{M, NGVD) (M. NGVD
NORYH OF 6.4 5.6
RAILROAD
NORTH OF 8.7 7.3
P.R. HWY 1
SOUTH OF 10.5 9.2
P.R. HWY 52
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TABLE A-~11
HYDRAULIC DESIGN DATA FOR P.R. HWY 1 BRIDGE
RECOMMENDED PLAN
DESIGN MIN Ml CHANNEL | CHANNEL CHANNEL
BRIDGE WSEL LOW CHORD AREA INVERT BOTTOM SIDE
| LOCATION | (M, NGVD) ELEV REQ'D (M, NGVD) WIDTH SLOPES
{M, NGVD) {SQ. M) M) (V:H)
I SALINAS P.R. 8.4 8.7 603 2.0 70 1:3
——— =
TABLE A-12

TIDE-FREQUENCY ELEVATIONS
RECOMMENDED PLAN
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EXCEEDANCE FREQUENCY IN PERCENT
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RIO NIGUA AT SALINAS, PUERTO RICO
FEASIBILITY REPORT
APPENDIX B
GEOTECHNICAL
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GEOTECHNICAL

1. Introduction. This appendix presents the results of the
subsurface investigations and subsequent geotechnical design and
analysis for each major feature of the proposed flood control
project at Salinas, Puerto Rico.

The Salinas Levee is east of the existing Nigua River and
provides flood protection to the town of Salinas and the
community of Playa de Salinas. The first segment of this levee
begins at the coastline and extends north to the Puerto Rico
Highway 52 bridge embankment. This segment of the levee is
approximately 2.95 kilometers long and has an average embankment
height ranging from 1.5 meters in the coastal area to 5.7 meters
in the vicinity of Puerto Rico Highway 52. The existing Nigua
River channel will be realigned to the west at several locations
to accommodate the levee alignment. The channel depth will not
be increased. There are three drainage structures along the
levee. A new bridge at Puerto Rico Highway 1 will be required to
span the Nigua River and the levee. The second segment of the
Salinas Levee begins at the Puerto Rico Highway 52 embankment,
extends northeast approximately 0.61 kilometers, intersects
Puerto Rico Highway 1, and terminates at Puerto Rico Highway 52.
This levee segment has an average embankment height of 3.3
meters.

The Coco Levee is north of the Salinas Levee, east of the
Nigua River and protects the community of Coco from flood waters.
The Coco Levee begins south of the community of Coco, follows to
the west of Puerto Rico Highway 1, and ends at high ground north
of the community. The levee is approximately 3.94 kilometers
long and has an average height of 3.7 meters.

2. Salinas Levee and Channel Realignment.
a. Investigations Performed.

(1) Core Borings. Subsurface investigations were
conducted along the proposed levee alignment in April 1994.
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Sixteen core borings designated CB-SAL-1 through CB-SAL-16 were
spaced at approximately 300 meters along the Salinas Levee
alignment from station 0+00 at the coast to station 29+63 at the
downstream side of Puerto Rico Highway 52. The core boring
locations are shown on plates B-1 and B-2. No core borings were
drilled along the levee alignment upstream of Puerto Rico
Highway 52. This 0.73 kilometer segment of levee was added
during the course of the Feasibility Study after field
investigations were concluded.

The core borings were drilled to the anticipated depth of
influence for levee stability and channel excavation and ranged
in depth from 4.6 meters to 9.1 meters. The borings were
continuously sampled using Standard Penetration Test (SPT)
methods to determine the consistency, relative density, and
approximate strength of the materials sampled. The relation
between the SPT blow count, the consistency of the cohesive
soils, and the relative density of noncohesive soils (from
Terzaghi and Peck, 1948) are as follows:

Noncohesive Soils Cohesive Soils
—N —Density —_—N Consigtency
< 4 Very Loose < 2 vVery $oft
4 - 10 Loose 2 -4 Soft
10 - 30 Medium 4 -8 Medium
30 - 50 Dense 8 - 15 Stiff
‘> S0 Very Dense 15 - 30 Very Stiff
> 30 Bard

Samples were retained from the drilling along the levees for
laboratory testing. The logs of the borings are presented at the

end of this appendix.
(2) Laborat~ry Testing., Laboratory testing was

performed on the samples obtained at various depths from the core
borings drilled along the proposed levee alignment. Laboratory
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tests included grain size analyses, water content determinations,
and Atterberg limits. The laboratory test results are included
at the end of this appendix.

b. Materials Encountered. The existing geologic profile
for the Salinas Levee was defined by the core borings drilled
along the proposed levee alignment. The materials encountered
consisted predominantly of medium density sands with varying
amounts of silt and clay content. Some medium density silty
gravels and very stiff low plasticity clays were also encountered
along the alignment. Core borings CB-SAL-1 and CB-SAL-2 drilled
near the coast revealed an approximately 2.0 meter thick layer of
loose and medium density sands containing less than 14 percent
finer grained materials overlying medium density gravels. The
percentage of fine grained materials within the sands and the
densities of the sands generally increased in the samples
obtained farther inland. -Core borings CB-SAL-14 through
CB-SAL-16 revealed dense and very dense sands. The very stiff
low plasticity clay materials were found at various depths below
the sand layers between CB-SAL-8 and CB-SAL-16. Groundwater was
encountered in borings CB-SAL-1 through CB-SAL-14. The depth of
the groundwater table increased from 1.0 meter at CB-SAL-1
located near the coast to 6.0 meters at CB-SAL-14 and was greater
than the 9.0 meter total depth of drilling for CB-SAL-15 and
CB-SAL-16. Information obtained from the subsurface
investigations conducted downstream of Puerto Rico Highway 52
should be adequate for construction of the Salinas Levee and the
Nigua River channel realignments. Additional information should
be obtained along the Salinas Levee alignment upstream of Puerto
Rico Highway 52 to adequately define the subsurface conditions
for this segment of the levee. The geologic sections
representing the conditions encountered are shown on plates B-5,
B-6, and B-7.

c. Design Slopes. The Salinas Levee segment downstream of
Puerto Rico Highway 52 has average crest heights ranging from
1.5 meters to 5.7 meters. Much of this levee will be constructed
immediately adjacent to the existing or realigned Nigua River
channel and will have maximum floodside slope heights up to
10.2 meters. The Salinas Levee segment upstream of Puerto Rico
Highway 52 will be constructed on relatively even terrain and has
a maximum crest height of 3.4 meters. The levee crests will have
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constant widths of 3.0 meters. The 3.0 meter crest width is the
minimum width which will allow for ease of construction. The
steepest recommended side slopes will be 1.0 vertical to

2.5 horizontal, which will be flat enough to allow for
maintenance equipment to traverse the embankment. The levees
will be constructed with materials from the required excavations
and from the designated borrow area.

d. Slope Stability. Slope stability analyses were computed
by the UTEXAS3 slope stability program. Critical shear surfaces
were determined from a circular search using the Spencer
procedure. Puerto Rico lies within Seismic Zone 3 and a seismic
coefficient of 0.15 was used to compute the effects of an )
earthquake on slope stability.

Slope stability analyses were performed for several sections
along the Salinas Levee alignment using soil strength parameters
based upon the nearest core boring and corresponding laboratory
test data. End of construction stability analyses using
unconsolidated, undrained shear strengths and long term stability
analyses using consolidated, drained shear strengths were
considered in initial analyses. The levee embankment fill does
not contain cohesive soils and the cohesive soils encountered
below the levee subgrade did not influence the levee stability,
therefore only consolidated, drained strengths in the embankment
and the subgrade were relevant for the analyses. Steady seepage
and rapid drawdown conditions will not exist because of the very
short duration of the flood events. Final analyses of the
Salinas Levee were performed using only consolidated, drained
soil shear strengths.

_ Analyses were performed for the most critical levee sections
located immediately adjacent to and over the existing Nigua River
channel slopes. The lowest factor of safety computed for
stability of the Salinas Levee without seismic influence was 1.8.
The minimum required factor of safety for this condition is 1.5.
The earthquake condition requires a minimum factor of safety
of 1.0 and the computed factor of safety for the Salinas Levee
was 1.3.

The highest and most critical levee section occurred at
levee station 26+00 with an average embankment height of
5.7 meters and a floodside slope vertical height (levee crest to
channel invert) of 10.2 meters. The subsurface conditions at
this location were based upon core boring CB-SAL-14 and the levee
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embankment consisted of compacted soils characteristic of the
designated borrow area within Camp Santiago. The design N
strengths and slope stability analysis for this levee section are
shown on plate B-10.

e. Seepage., Bydraulic and hydrologic analyses indicate
that with the Standard Project Flood (SPF), floodwaters will be
present on the levees for less than 7.5 hours. Aalthough pervious
materials are present in the levee foundation and embankment, for
such short duration flood events, seepage will be minimal. High
water stages will not occur long enough for foundation
underseepage problems to develop or for through embankment
seepage to occur. Unless future hydraulic and hydrologic
modeling predict flood water stages present for longer durations,
further seepage analyses will not be necessary.

f. Settlement. Minimal settlement of the Salinas Levee is
anticipated and would occur during the construction period. The
medium and dense materials beneath the levee subgrade will
provide a very good foundation for the levee. Overbuilding of
the levees to account for potential future settlement will not be
necessary.

g. Slope Protection., Velocities for the main river channel
and over bank areas were determined by the hydraulic modeling
described in Appendix A. Velocities for the main channel are
usually much greater than for over bank areas which have more
vegetation and irregular topography. Velocities are lower at
these points which are farther away from the center of flow. The
Salinas Levee segments must be constructed immediately adjacent
to the main channel and over bank distances are minimal or
nonexistent. For the SPF event, the average channel velocities
for the Nigua River channel range from 1.0 to 6.1 meters per
second. These velocities were used to design the slope
protection. -

The Salinas Levee embankment will require revetment on the
floodside to protect against erosional velocities generated from
storm events up to ‘the SPF. The existing and realigned Nigua
River channel slopes located immediately adjacent to the levee
will also require protection to maintain the integrity of the
flood control system. Existing channel slopes located away from
the levee will not require protection. Based upon hydraulic
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analyses, floodwater velocities do not decrease significantly for
events more frequent than the SPF and will cause severe damages
to the highly erodible earthen surfaces if not protected.

Gabion mattresses are recommended for protection of the
channel and levee side slopes. The gabion protection should
extend from the levee crest to the toe of the slope and should be
keyed into the ground surface to a minimum depth of 1.0 meter.
for locations in which the Nigua River channel is immediately
adjacent to the levee, the slope protection should extend
continuously from the levee crest to the toe of the channel
bottom. Typical sections are shown on plate C-1.

The levee segment downstream of Puerto Rico Highway 52 will
experience maximum estimated flood velocities up to 3.5 meters
per second and will require a 0.15 meter thick gabion mattress
from station 0+00 to station 26+00.

Levee station 26400 to station 29+63 at the east bridge
abutment of Puerto Rico Highway 52 will require a 0.23 meter
thick gabion mattress to protect the embankment from velocities
up to 4.5 meters per second.

The Puerto Rico Highway 52 east bridge abutment and the
highway embankment connecting the proposed levee segments will
become a critical part of the flood control system and will
require protection against erosion. A 0.30 meter thick gabion
mattress extending to station 0400 of the levee segment upstream
of Puerto Rico Highway 52 will be necessary to guard against
estimated flood velocities up to 5.5 meters per second.

The remaining Salinas Levee segment upstream of Puerto Rico
Highway 52 will experience maximum estimated velocities up to
5.0 meters per second and will require a 0.23 meter thick gabion
mattress. The protection should extend from levee station 0+00,
continue along the levee and highway slopes, and terminate at the
northeast corner of the ramped highway section.

All gabion mattresses should be constructed with zinc
coated, PVC sleeved wire. Fill for the 0.15 meter and 0.23 meter
thick gabion mattresses should consist of 70 millimeter to
150 millimeter diameter stone. The 0.30 meter thick gabion
mattresses will require 100 millimeter to 150 millimeter diameter
" stone fill. The gabion mattresses should be underlain by a layer
of nonwoven filter fabric. The gabion protection should be
depressed into the ground with finish grade matching the finish
grade of the levee and channel slopes.
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(1) Core Borings. Thirteen core borings designated
CB-COC-1 through CB-COC-13 were drilled along the proposed Coco
Levee alignment in April 1994. The core borings were spaced at
approximately 300 meters along the entire Coco Levee alignment as
shown on plate B-3. The core borings were drilled to the
anticipated depth of influence for levee stability and ranged in
depth from 3.6 meters to 9.1 meters. The core borings were
advanced by SPT methods previously described in paragraph 2a. of
this appendix. Samples were retained from the drilling along the
proposed alignment for testing. The logs of the borings are
presented at the end of this appendix.

(2) Laboratory Testing. Laboratory testing was

performed on the samples obtained at various depths from the core
borings drilled along the proposed levee alignment. Laboratory
tests included grain size analyses, water content determinations,
and Atterberg limits. The laboratory test results are included
at the end of this appendix.

b. Materials Encountered. The core borings drilled along
the proposed Coco Levee alignment were used to define the
existing geologic profile for the proposed levee. All of the
borings revealed mostly sands and gravels generally containing
less than 15 percent finer grained materials. A surficial layer
of medium density sand 1.0 to 2.0 meters in thickness was
encountered in each of the borings drilled along the extent of
the alignment. This sand layer was underlain by a layer of
mostly very dense gravels ranging in thickness from 2.0 meters to
more than 8.0 meters (the total depth of sampling). Some dense
and very dense sands were encountered beneath the gravel layer.
Core boring CB-COC-4 revealed a 2.5 meter thick layer of very
stiff low plasticity clay beginning at a depth of 4.0 meters.
Groundwater was not encountered during drilling of the Coco Levee
alignment. Based upon the overall consistency of the materials
encountered, no further subsurface investigations for the Coco
Levee alignment should be required. Plates B-8 and B-9 show the
geologic sections with these materials.
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c. Design Slopes., The Coco Levee has an average crest
height of 3.7 meters and a maximum crest height of 4.3 meters.
The levee crests will have constant widths of 3.0 meters and the
steepest recommended side slopes will be 1.0 vertical to
2.5 horizontal. The crest widths and side slopes will meet the
minimum construction and maintenance requirements as described in
paragraph 2c. of this appendix. The levee will be constructed
with materials from the designated borrow area.

d. Slope Stability. Slope stability analyses were
performed for the Coco Levee using UTEXAS3 with the Spencer
method to determine critical shear surfaces. Earthquake effects
on slope stability were considered.

The Coco Levee is located a significant distance from the
Nigua River channel on relatively even terrain with uniform
subsurface conditions. Because the conditions along the levee
alignment were similar and no weak sections were identified,
slope stability analyses were performed for the highest levee
sections. End of construction conditions using unconsolidated,
undrained shear strengths and long term conditions using
consolidated, drained shear strengths were considered in initial
analyses. Very small amounts of cohesive soils existed below the
levee subgrade and did not influence levee stability. The
embankment fill does not contain cohesive soils. Steady seepage
and rapid drawdown conditions will not exist because of the very
short duration of the flood events. Only consolidated, drained
shear strengths were relevant for final analyses of the Coco
Levee.

The Coco Levee was stable with a factor of safety of 1.9
without seismic influence. The minimum factor of safety required
for this condition is 1.5. The lowest factor of safety computed
for the earthquake condition was 1.3 and the minimum required
factor of safety is 1.0.

The design strengths and slope stability analysis for the
levee section at station 27+00 are shown on plate B-10. The
height of the embankment at this section is 4.3 meters. Core
boring CB-COC-9 was used to define the subsurface conditions at
this location. The embankment consisted of compacted materials
characteristic of the soils from the borrow area within Camp
Santiago.
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e. Seepage. Hydraulic and hydrologic analyses performed
for the Salinas Levee portion of the project indicate maximum
flood water durations for the SPF event present on the levees for
7.5 hours. For the Coco Levee segment, located upstream of the
Salinas Levee segment, flood water will be present  on the levees
for even shorter durations. The high water stages will not be
present long enough to develop foundation underseepage problems
or cause through embankment seepage. Further seepage analyses
for the Coco Levee will not be required unless longer duration
flood events are predicted based upon future hydraulic and
hydrologic modeling.

f. Settlement. Very minimal settlement of the Coco Levee
is anticipated. The medium dense to predominantly very dense
granular soils beneath the levee subgrade will provide excellent
founding conditions along the levee alignment. No overbuilding
of the levee to account for future settlement will be required.

g. 8Slepe Protection, Velocities for the main channel and
over bank areas were determined by the hydraulic modeling

described in Appendix A. Velocities for the main channel are
usually much higher than for over bank areas which have more
vegetation and irregular topography. Velocities are lower at
those points farther away from the center of flow. The Coco
Levee is located 150 tc 600 meters from the Nigua River’s main
channel. For the SPF event, average channel velocities range
from 1.3 to 6.4 meters per second. However, average over bank
velocities range from 0.3 to 1.4 meters per second, and
velocities at the levee face are expected to be lower than
average. The slope protection was designed based upon these
velocities.

The Coco Levee will be constructed with highly erodible sand
and gravel materials and will require some minimal protection
against the overbank velocities generated from storm events up to
and including the SPF. Based upon the hydraulic analyses, the
maximum estimated flood velocities experienced will be limited to
1.4 meters per second. The levee floodside can be adequately
protected against erosion with established and well maintained
grass over the earthen embankment. Any erosional damages
incurred by the embankment should be promptly repaired to prevent
further scour and degradation of the levee.
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4. Foundation Conditions for Structures.

a. Drainage Structures, Three culvert structures will be
required to pass drainage waters through the Salinas Levee into
the floodplain. The drainage structure located north of the
railroad tracks will consist of one 60 inch diameter corrugated
metal pipe 40 meters in length. The structure north of Puerto
Rico Highway 1 will consist of two 60 inch diameter corrugated
metal pipes 40 meters in length. The remaining structure is
located south of Puerto Rico Highway 52 and will consist of one
60 inch diameter corrugated metal pipe having a length of
60 meters. Flapgates will be placed on the levee floodside of
the culverts to prevent backflow during floods. The culverts
will experience maximum differential heads during the SPF event
around 2.8 meters. There will be an average levee embankment
height of 2.7 meters above the culverts. Core borings were not
drilled for the drainage structures because the final structure
locations were determined after completion of field
investigations for this study. Based upon the core borings
located along the levee alignment in the vicinity of the
structure locations, the culverts will bear in medium density
silty sands and should provide good foundation conditions for the
structures. Minimal subgrade preparation work is anticipated.
The groundwater observed was greater than 4.0 meters below the
proposed culvert inverts at all structure locations so no
dewatering will be required for construction of the drainage
structures. Through seepage and under seepage are not
anticipated at the culvert locations based upon the relative
hydrostatic heads expected and the short durations of the flood
events.

b. Puerto Rico Highway 1 Bridge Replacement. A new bridge
will be required where the proposed Salinas lLevee and the Nigua
River channel intersect Puerto Rico Highway 1. Based upon the
subsurface investigations conducted along the Salinas Levee
alignment, the bridge foundation will bear in mostly medium
density sands and some medium density gravels. Specific
subsurface data will be required at the abutment and pier
locations for final design of the bridge.
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c. An unpaved access
road is proposed west of the Nigua River starting at Puerto Rico
Highway 1 and extending north, tying into an existing road
located downstream of Puerto Rico Highway 52. The length of the
roadway is approximately 1.54 kilometers and will be constructed
on existing grade. Based upon the core borings drilled along the
nearby Salinas Levee alignment, soils along the proposed access
road alignment will likely consist of mostly medium density sands
which can easily be compacted and graded for the roadway. Fill
material obtained from the project excavations or the designated
borrow area will be required to construct a ford where the access
road crosses an existing dry streambed. No culverts will be
provided for flows under the access road. The access road is
located within the floodplain and will be subjected to
overtopping and heavy scouring from floodwaters rising above the
banks of the Nigua River channel. Maintenance will be required
after these events to restore washed out sections of the roadway.

Two road ramps are proposed to provide continuous access
along existing roadways across the Salinas Levee. The proposed
levee intersects Puerto Rico Highway 1 upstream of Puerto Rico
Highway S2 and will require ramping. The other ramp will provide
access for an unpaved road crossing the downstream portion of the
levee. Fill materials, material placement, and compactive effort
at the levee crossings and ramp embankments must conform to
Puerto Rico Highway Authority standards.

d. Puerto Rice Highway S2 Enbankment. A short segment of
the existing Puerto Rico Highway 52 embankment will connect the

upstream and downstream segments of the Salinas Levee, providing
a continuous barrier of protection against flood waters. The
Salinas Levee will tie into the downstream side of the highway
embankment at the east bridge abutment. Upstream of the
embankment, the levee will tie in approximately 150 meters east
of the bridge at the Nigua River.

The original plans have been reviewed and discussion has
taken place with the Federal Highway Administration regarding the
structural conditions and construction characteristics of the
highway embankment and bridge. Construction of Puerto Rico
Highway 52 was in conformance to Federal Highway Administration
standards for interstate highways which exceed Corps of
Engineers’ criteria for construction of earthen flood control

embankments.
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This segment of Puerto Rico Highway 52 was constructed
between 1971 and 1973. The average crest width at the location
of the levee tie in is 50.0 meters. The average height is 5.0
meters and the side slopes are 1.0 vertical to 2.0 horizontal.

Based upon hydraulic and hydrologic modeling, the proposed
flood control project will not adversely affect the existing
conditions with regard to flood water stage, duration, and
velocity upstream of Puerto Rico Highway 52. )

Hydraulic and hydrologic analyses indicate flood waters will
be present. on the embankment for less than 7.5 hours. The
duration of the flood events will not be long enough for
foundation underseepage problems to develop or for through
seepage to occur.

The highway embankment was inspected by Corps of Engineers’
personnel and found to be in very good condition. The only
defect to the embankment appeared to be some erosional damages
caused by flood waters. Some erosion near the embankment toe at
the upstream west embankment has occurred, but has stabilized.
Loose riprap originally placed on the abutment slopes was
somewhat displaced. With the proposed flood control project, the
embankment slopes for the section of highway connecting the
Salinas Levee will be protected with gabion mattresses as
described in paragraph 2g. of this appendix.

S. Borrow Sources. Material required for construction of the
levees will be obtained from the required project excavations and
from a designated borrow area within the nearby Camp Santiago
Military Reservation. Approximately 95 percent of the materials
obtained from the channel realignments and other excavations
along the Salinas Levee alignment will be suitable for direct
£ill placement. Paragraph 3b. of this appendix contains a
complete description of the materials expected to be encountered
during the excavations. Because of limited project excavations,
the majority of the fill materials required to meet the total
project fill requirements will be obtained from the designated
borrow area located approximately 7.5 kilometers northwest of the
project vicinity. Investigations of the materials within the
proposed borrow area were conducted in April 1994. Field
investigations of the site included four test pits, TP-SAL-1
through TP-SAL-4. The borrow area and test pit locations are
shown on plate B-4. The test pits were excavated using a backhoe
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to a maximum depth of 2.5 meters. Bulk samples were obtained
from the test pits for laboratory testing. Laboratory tests
performed included grain size analyses, water content
determinations, and standard compaction tests. The logs of the
test pits and the laboratory test results are presented at the
end of this appendix. Materials within the borrow area generally
consisted of silty sands and silty gravels. Some rock fragments
were encountered. No groundwater was observed within the limits
of the sampling. The natural moisture contents of the materials
were well below the optimum moisture contents for all samples
tested. Based upon the investigations performed, approximately
85 percent of the material excavated within the borrow area will
be suitable for levee construction. The borrow materials can be
retrieved by standard excavation techniques and placed in the
levee embankment with minimal processing to remove oversized
particles.

6. Disposal Area. A designated disposal area is located
northwest of the Salinas Levee alignment and immediately south of
‘Puerto Rico Highway 52 as shown on plate B-4. All debris removed
during project clearing and grubbing and all other excavated
materials unsatisfactory for levee construction will be placed in

the designated disposal area.

7. Futurs Investigations. During the Design Memorandum phase,

additional subsurface investigations will be conducted to better
define conditions along the proposed Salinas Levee alignment,
drainage structures, Puerto Rico Highway 1 Bridge, and borrow
area.

At least two core borings should be drilled along the
Salinas Levee alignment upstream of Puerto Rico Highway 52 to
adequately define the subsurface conditions for this segment of
the levee added during the Feasibility study. The borings should
be evenly spaced and drilled to approximate depths of 5.0 meters
each. .

Future project investigations should include drilling one
SPT core boring at each drainage structure location to a depth of
approximately 7.0 meters to insure that conditions are adequately
defined to design the foundations.
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For the Puerto Rico Highway ! Bridge replacement, specific
subsurface data will be required at the abutment and pier .
locations for final design of the bridge. One SPT core boring
should be drilled to approximately 18.0 meters for each abutment
and pier after the exact locations are determined.

Further investigations 'should be conducted within the Camp
Santiago borrow area to better define the quantity and the
character of the materials available for borrow. Core borings
should be drilled to determine the depth of suitable borrow
material and additional test pits should be excavated to better
define the limits of borrow materials.
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CORE BORING LOGS, TEST PIT LOGS,
ARD LABORATORY TEST DATA

Hole No.CB-SAL-1

JRILLING LOG [ oo suamc [ Seckaonrie datict 1
RECY <erReae
RIO NIGUA PROJECT ; e aA TR
AT Wawaneies o S0 oy
X=544,225 Y=49.373 g
TORIRG ASERCY -
SUELOS INC. CHE 45
e e ety CB-SAL~1 disturoed: 14 undisturbed: 0
"W OF ONILCEX . TOTAL MUNBER OF CORE BOXES |
NICOLAS ANOINO %6. ELEVATION GROUND WATER 2.48 1t
“GRECTION OF WOLE
Rvernicaw DIvciwen 4/30/04 4730794
TIGEOEES OF BURDEN O FL ";"‘"‘" Top oF m’:du L3 _
DEPTH DRRLED WNTO WOCK 0 FL AL CORE RECOVERY FOR SORING
TOTAL DEPTH OF MOLE 210 Ft. | ARNALDO HERNANDEZ
LEV. |OEPTH CLASSIFICATION OF MATERIALS =1 g
§ > Description) ReC|& s £
“ . x I=x Spoon s
] Lz
sgl o a5 o
(SM) SILTY SAND, some gravet, 2 b
paie yetowish brown. or i 1 SPLIT SPOON 2 |
40 4
2 >
wol 2 - s
2 Laos
2.5 L o
LI 4
|3 - T F
L0 3
= |
| e - 3 "
(GN) SILTY GRAVEL, dark -5 s
yetowish brown. 1t
nls - [
=20 [ 2
—1 9
AN - 2
_3s e I
. 9 q
78 7 - 7 .—0
-5.0 4
L2 o
a3ls - s |
-85 2 4
3 Tus
2|9 - T
-80 6
7 -
1|0 - <}
-85 IR ™
_—’ 5
8| n - Fl §
=1o L o
4
nle 5 Fos
_ps B
3 G |
= |0 . s
] =140 L]
< 7
3 s6 | u - 7 _'zo
- -85 10
] —————e—ee A e — —— — — 2§
{continued)
55”' 38 PREVIOUS EDITIONS ARE OSSOLETE. PROJECT MOLE NUMBER
RIO NIGUA PROJECT CB-SAL-1
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TPl P -J.th-.-.w »-n-bk»*»»-- 4a ﬂ-r»»- »J L M»». La * L ﬂ»-—-.»-*» i »-w Lo .*

5.482 Ft.

Jacksonvibe District

JORILLING LOG (Cont. Sheet)

A10 NIGUA PROJECT

-~
sw%

PRSI ppa—— 57T

F1vS

PROICT
I RIO0 NIGUA PROJECT

classitied

]

mm
£33
B

eev. oty § CLASSIFICATION OF MATERIALS

K A 1R-7- 1 Ny I

A L el Mt e watad s  Taaae S el LAt B
]
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SmOEET
RIQ NIGUA PROJECT
RO DRELEN
NICOLAS ANDINO {16 ELEVATION SROUND WATER =40 ft.
TTREETRoN OF "ol
Dvertrca. Tizcumen 4730/84 _4/30/94
7. THICKNESS OF SURDEN O FL. 7. ELEVATION TOP OF HOLE ‘.mFl.1
. OEPTH ORILLED D70 AOX O FT A O NCouYeRY FORBONS 7583
8. TOTAL OEPTH OF WLE 15.0 FL ARNALDO HERNANDEZ
ELEV. |OEPTH ﬁ CLASSIFICATION OF MATERIALS we S
gl o (Owewte e Sg Spit Sooen -4
Y » 2
2 20 0
B (SM) SILTY SAND, some gravel, 4 F
3] Pue yetowsh Drown. 86 | 1 SPLIT SPOON [ ]
‘,. n [ 3
:. U
& [ 14 2 * 5 ;u
56 3
4 s
w|3 - e I
4l -
* F
wo| 4 - © "
20 8
LI of
s8{ S - s r
L1115 I 0 5
(GM) SILTY GRAVEL, dark [ 3
yetowish brown. nle - N
. » —1
. [ §
w|7 - (3R
-9 3
LI ¢
wo{ 8 - s I
=34 s I
o
AN - ® ;ﬂ.i
=49 w b
T =
s | 0 - s |
4] 150 =54 LI
Sois are field wisualy classitied 1404 HAMMER WITH 30" DROP s
in accordance with the Unified USED ON 2.0" SPLIT SPOON o
Sods Classification Systen. (1-3/8 1.0 X 2.0~ 0.0
18
LAD CLASSIFICATIONS 9
QASS Elev.Fr.) wn WL A PI 4
w0 3.1 - <
20
[’-ns
5 7O 1838 PRCVIOUS EDITIONS ARE 085 TTE. PROJECT lmw
RIO NIGUA PROJECT CB-5AL-2
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distwoed: 20 undistrbed: 0

e e T

TOTAL MUMBER OF CORE 80XES |

15, ELEVATION SROUND MATER —2.43 12

4/30/94__4/30/94

7. ELEVATION TOP 8F MOLE 7 Ft.

8. TOTAL CORE AECOVERY FOR S0RDS 5.3 X

£
2 8
TR T 'Y Py
(SM] SILTY SAND,some gravel, 2 F
yefowish brown. el SPLIT SPOON |
-4 T r
LI 4
™y 2 - o F
2§
a8 2 _r
2 3
|3 - ° F
(-] I 4
2 4
er| 4 - 0 :-‘
a0 °o ¥
1r
|5 - “ r
2l 2 Lis
I 3
|8 - [ E
L M
" L ]
n|? - [ 3
-0
=l 1SM) SILTY SAND, =) nr
gravety, dark-yeflowish DIown. L ¢
nje - r
-2 4 2 F
0 3
e - ) 'u
=18 LI ¢
12 -
B0 - 7 4
=54 0 r.
L 3
[} - [ :
-89 EH o
I 4
w|e - 14
‘-84 [1]
12
7|0 14
-g9 []
w0 b
44 “ - » S m
-ne [ 3
12
VIS B F
-129 14
- —_—_————_—— e 25
FORI T8 PREVIOUS COITIONS AR PROJECT WUNBER
2% l RIO NIGUA PROJECT CB-SAL-3
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.....”r..u-»...-&»&.»;P:..J....-...

8 g

-3

2.567 Ft.

|ORILLING LOG (Cont. Sheet)

Jacksonvibe District

RIO NIGUA PROJECT

RENANKS
Spit Spoon

~R8

~IZ4
-89

K JOPOUR, JUUTTOON. NVOTTION. AU

Elev.Ft.) = LA
-.9 n

LAB CLASSIFICATIOG

l CB-SAL-3

i

or

Soils are fieid visvally classified
in sccordance with the Unitied
Soits Classification System.

aLEv. joerTH 5 CLASSIFICATION OF NATERIALS
»
y

ETIETEE

RIO NIGUA PROJECT

mw“ PREVIOUS EDITIONS AME OBSOLETE.
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-SAL=4
RETIIXTION
m LOG [ south atiantic Jacksonvie District oF 2
uouxsmm.zm CE T R RS LT
byr-roeTn i
x-s«.ouv-suor P ZETORE CEESRATION OF DA
mc. - i B———
e g 3l CB-SAL~¢ dstubec: 14 undistuded: 0
R U ORKTE S— TOTAL NUMBER OF CONE BOXES |
NICOLAS ANDINO ﬁ.mummum m1 n
. DIRECTION O oLf 3 .y K »o
Everrca. Dacumeo 130704 arsorea
':5‘,,"":"_",, T
= PCoRT
18- TOTAL DEFTH OF WOLE_2L0 FL. ARNALDO HERNANDEZ
ELEV. CLASSIFICATION OF MATERIALS & P
"V Descriotion) neC g; s e
& 2
55 55 °
3 (ML) SILTS, sandy dark yelowish ar
] brown. ni SPLIT SPOON < I
401 15— 4.0 s
To SW} SANDY GRAVEL, dark w I
Jo d yetowish brown. | 2 - ® F
- 0 - 25
% 2 =
4 e 2 r
Do 2|3 - £ r
E 3¢ L0 ("l §
_:D.I ” Ls
:n.u Nni4 - w b
~5| 80 4.° -5 2 |
1SP) POORLY GRADED SAND, v |
Qark yeliowish brown-dark olive. wls - [
-20 L 2
L o
er]s - M
~35 12 -
- [ ]
s |7 - a by
50 L1 4
er
AN - [ 3
-¢5} 2o 45 ® }
1SH) SILTY SAND, ohive-dark s Fos
. clive rown. wlo - [ ]
-0l 135 80 3 ¢
(SP] POORLY GRADED SAND. v
chve—olive brown. | - [T
- -85 ° te
LA ¢
o] - [
=10 L o
T}
| e “ [
. |-as
l -5 o F
| i
! w0 - s |
_140 [
(SC) CLAYEY SAND, dark olive T T »
brown, 87T { M - 2 r
. =155 L]
‘-.—[.—_ e — e — — —— ] _—‘lm—_l‘——_—— 25
mw“ PREVIOUS EDITIONE ARE OBSOLETE. HOLE
RI0 NIGUA PROJECT | CB-SAL-4
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Hole No.CB-SAL-4
DRILLING LOG (Cont. Sheet) 5.482 Ft.
' RIO NIGUA PROJECT Jackzonvile District
ELEv. joerve] 8 | CLASSIFICATION OF MATERIALS  Forg] W
] Wescription) REC gg oyt g
] L ] 2
| -170 s Ll . —_—————— s
- 25
3 Las
3 Soils are field visually classified 1409 HAMMER WITH 30" DROP
3 in accorgance with the Unified USED ON 2.0 SPLIT SPOON
- Soits Classification System. (+3/81D. X 2" 0D) -
- LAD CLASSIFICATIONS -3
3 CASS Elev. ¥t W U A PI
e » -4.0 E-]
- [22s
- L%
3 s
3 s
- -
- . 4
— 315
- 40
—: 425
3 »
_:. [-475
b _ 3
- 50
EDITIONS ANE OBSOLEVE. PROJECT HOLE NUNBER
e I RIO NIGUA PROJECT l CB-SAL-4
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Hole NO,EQ-SAL"5
e — -
Jacksonvile District oF 2
10. SIZE AMD TYPE OF BT See Remarks
. Gisturbed: 14_
Lo-sas TOTAL MUMOER OF CORE 80XES |
6. ELEVATION SROUND WATER 2.674 it.
4/30/04 _4/30/04
ELEVATION TOP OF HOLE 13174 FL
M. TOTAL COME AECOVERY FOR SORIIG 610 X
|__ARNALDO HERNANDEZ
CLASSIFICATION OF MATERIALS g‘
'fc g Spiit Spoon
"
— e B2
Jeo {SW) WELL GRADED SAND, dark
:o.n yelowish brown. er| 1 SPLIT SPOON
-ac‘ 24
:O.I
_'l..ﬂ 00 2 -
P X2
¥ 4
‘.'n.: »13 -
$°4 a7
4 ©
1’.“ -
b d 68| 4
$°4 72
-‘O.G
10 sels -
* 4
%4 57
°
5 wo| 6 -
T 42
© g .
10.1 56 7 -
—'0.1
Po 27
"ja'n a8 -
$°4 L2
< ©
—§°G .
%°4 »|e [ §
° -3 o [
: {SM) SILTY SAND, ocaswonally P -
gravelly, yetiowish brown-dark wol| o - —t
olive. <
=i8 L 2
[ 3
woi ¥ - 0 r
=33 i |
LA o
44 ] - 10 .
-48 3
s |
B s
~6.3 L
7 3
38| “ 12 :—20
-7.8 10
———t———— — — — =1 =] e —_—— e — L2
e PREVIGUS EDITIONS ARE OBSOLETE. PROJECT - WOLE NONBER |
RIO NIGUA PROJECT CB-SAL-5
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DRILLING LOG (Cont. Sheet)

13.074 Ft, oF 2

230

Hole No.CB-SAL-—

RIO NIGUA PROJECT

Jacksonvide District

ELEV. [DEPTH

'CLASSIFICATION OF MATERIALS
{Description)

SAMPLE

REC
3

5

iem | 3°

1 [teseno

_k]

$
l....;....l....n....I....l....l....n.,..IA...h...l....l..,.'l....|....I....|....I....|....l....n....l....l....F

Soils are tield wisually classitied
n accordance with the Unified
Soils Classification Systee.

B

=
Las
1404 HAMMER WITH 30" DROP [
USED ON 2.0" SPLIT SPOON [
(+-3/8 LD. X 2" 0.0.) [
LA CLASSIFICATIONS -3
QUASS Elev. Ft.) Wn tL AL PI ]
E =-3.3 » o
325
L%
315

My iy v s

\ASazaases s
b

','F“ PREYIOUS EOITIONS ARE OSSOLETE.

p-50
PROJECT FOLE WMBER |
[ RIO NIGUA PROJECT [ CB-SAL-5

219



231

(SM) SILTY SAND, yetlowish
brown, some gravel, el SPLIT SPOON
a3 -
]
8f2 - 25
28 ]
3
R - “w
A3 LI o
©
|4 - e "
7] [ 3
= r
L 2] -
A3 75
wo| e - [
L s
nlr -
' 23
: sl -
: h Y
ss]0 -
=L
AN -
=22
6] -
=37
.| e "
=52
se| o - 2 I
67 s F
3
8|« - © _'”
-82 nr
13
er| ® 28
.97 30
{continued) 23
PROJECT "TROLE AR |
N30 PREVIOUS EDITIONS ARE PROJECT
Ela RIO NIGUA PROJECT ] CB-SAL-6
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Ho!g_Npﬂ-%-e
‘MILUNG LOG (Cont. Sheet) [~ 12.821 Ft. oF
RIO NIGUA PROJECT I dJacksonvile District
ELEV. |DEPTH CLASSIFICATION OF MATERIALS uud"'ﬁ
§ Description) REC g; ool gh
] % o 2
e .Eﬁ__r‘____._.___ =8L P Sad
Je E
ES »|e : L |
=52]240 P =2 L2 o
& (SC) CLAYEY SAND, okve brown, “_}
‘ﬁ some graval. wlr - %
27 el -7 °
o] (SWI WELL GRADED SAND, dark [
o yetowsh brown. sl ® - o
o - -2 :: [
q 5
:c aBle - “ :-21.5
q 157 0 <
° [
°J 2i2 - L
~2.21300 4.° -1r2 © Fw
-
s
Soits are field visuslly classified 140¢ MAMMER WITH 30 DROP
in accordance with the Unified USED ON 2.0° SPLIT SPOON
Soiis Classification Systea. {-3/8 10. X 2 00) -
[%
]
|38
LAS QLASSTFICATIONS
QLASS Elev. Ft.) I WL AL PT
- s 5 L
[0
|-425
45
fars
f-so
T Im MBER
[ RIO NIGUA PROJECT CB-3AL-6
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TR Hole No.CB-SALT
- LOG |~ soutn atintic Jacksonvise District z
i e S 1T
Y TR TION - TCoaradnetss o X1abov ey
Xw544,620 Y=52,828 I —
k- = = : —
[ e o et CBsALT distwbec: 14 undistrbec: 0
o O TOTAL IUMBER OF CORE BOMES |
NICOLAS ANOINO CELEVATION SROLAD MATER 2.4G2 tt
5. DIELTION OF oLl B4 RO AT SSCETED
Bvernica. O scipeo 4/20/84 4120184
7 ELEvATION YoP OF WOLE 20.482 FL
 THICKMESS OF SURDEN O FL
BEPY GRRLED B6T0 MOCX O FL JOIAL CONE QECOVERY PO QORMS 100 3
TOTAL 0EPTH OF WRE 210 FL ARNALDO HERNANDEZ
ELEV. joerTH E CLASSIFILATION OF WATERIALS ﬂg Jouns gh
] - X 3
2080 .0 e ———ca— 208 Py
{SM) SILTY SAND, Gark yatiowish 3
brown some gravel. w1 SPLIT SPOON P
20 <
ol i 25
s ]
nla - -
80 [
L 2] - 3 :-‘
5 s T
A r
w| s - 7 3
(] 4 r
B 1
er|e - [ §
is e
- F
wo| 7 - £l 39
00 LI 4
7
w| s - ® E
a5 2 r
4 ¥
e : o
70 LA
r
we| o - [
551150 7 55 [ 2
(SC) CLAYEY SANOD, dark 4 q
yekowish brown, black moitted. wol » . —1t
Beiow slevation 2.5 some sity 3
sand. 40 s r
N 4
wo| e - s Fos
25 s r
PRI o
wo| o - s |
10 [ 3
a F
s - N el
1 Ll
! s
——————— e T T L2
RIO NIGUA PROJECT CB-SAL-T
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le_No. L=
DRILLING LOG (Cont. Sheet) 20.482 FL oF 2
RIO NIGUA PROJECT I Jacksonvite District
ELEV. JOEPTH CLASSTFICATION OF MATERIALS =]
[perm! 2 AT o e mes i
] L 2
ST - A S G PN S S p—. 225
] :
g -
3
k . -
- 215
3 Soils are field visusy classified 140# HANMER WITH 30* OROP
] in accordance with the Unified USED ON 2.0" SPLIT SPOON
b Soils Classification System. (-3/8 10. X 2* 00.) -
- LAB CLASSTFICATIONS %
3 CLASS Elev. F1.) W WL R PI [
b [ n
- -8
= %
—: -315
- 40
- |-425
E _
3 =
3 r’-so
W——
I PREVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE NUMBER
ke RIO NIGUA PROJECT (B-SAL-7
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disturbed: 20 undisturbed: 0
144 TOTAL MMBER OF CORE BOXES !
6. ELEVATION GROUND MATER L27 ft.
4/30/84 _4/30/84
. ELEVATION TOP OF MOLE 16.127 Ft.
TOTAL CORE RECOVERY FOR GORING 78.0 X
Jo. TOTAL OEPTH OF Mg 30.0 Ft. 1 ARNALDO HERNANDE?Z
ELEV. [0EPTH § CLASSIFICATION OF MATERIALS  oRE ue 2.
u . Pescription x § Spit Sooon gk
- [ @D
9 — 81 0
(SM) SILTY SAND, pate yelowish 8 I
Drown, some gravel o 1 SPLIT SPOON ry o
e L of
LIS ¢
s8] 2 - 12 |
—125
.41 25
[ ¢
|3 - v f
_X ] 2r
s T
44 a - " -‘
2 L o
s r
w| s - [ 3
ae R I,
[ } £
sl 6 - [ 4
] L
_B 3
wo| 7 - 2 by
a¢ 22
3
wles - o
1Al "
17
wol o - 19 .ﬂ‘s
56 [
EE of
n|o - 2t
41 7 -
0 F
00{ 1 - 10 b
28] ¥ 26 s
(GM) SILTY GRAVEL, some s F
ravely sand, gark yetiowish - -1
Jravel AN ™ tos
1 17
10
s6| O LI o
-4 ] L
s b
wo] u 8 Tn
-19 4 o
LI o
44{ 5 " 22 4
— — —— — ‘3" i [
— T — {continved) 25
mw“ PREVIOUS EDITIONE ARE ORSOLETE. PROJECT LS _M.‘R
RIO NIGUA PROJECT { SAL-8
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Hole No.CB~SAL-8
[ORILLING LOG (Cont. Sheet) [ o > =xr —— SHEETZ
10 NIGUA PROJECT Jacksonvite Oistrict i
eLev. loermn CLASSIFICATION OF NATERIALS uE 8
§ Description) "EC g; oyl Ze
=] L ] .
| —del e e e e e —— =34
b o r 28
¢4 “wis - 2 }
hlgt a9 0 |
3 l' 0 F
- S
<IN 7| m - 2 ¢
< £ 2y . 04 o >
v, (CL) CLAY, sandy yelowish *r
- / brown.» sa| 8 - r
-zol210 ¥/ : . -79 L]
0]  (SW) WELL GRADED SAND, some I
-.'n°¢ silts, dark-yefowish brown. erle - < T
¥.9 94 W}
—- D.l 4 -
.9 wo | 20 - 12
= Y) _;_Q,L:n 9 -08 2 Fy
3 Lxs.
9 Soils are field visuslly classitied 140¢ HAMNER WITH 30~ DROP
] in accordance with the Unitied USED ON 2.0 SPLIT SPOON
- Soils Classification Systen. -3/8 1D. X 2" 0.0.) -
- %
. s
1 LAS CLASSIFICATIoNS t
3 QASS Elev. #t.) wn LL A P] 4
- [T ) -
- 40
~ 428
-3 [4s
-~ [-415
~ [-s0
| S SN S — — ep——
e 838 PREVIOUS COITIONS ARE OBSOLETE. PROJECT HOLE NUMBER
ok RIQ NIGUA PROJECT CB-SAL-8
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Hole No.CB=SAL-9
DRILLING LOG !

South Atisntic Jacksonville District oF2
RIO NIGUA PROJECT 10. S2E AMD TYPE OF BIT See Remarks
o NSL
X*545885 Y=53,504
SUELOS INC. = 2]
e distuded: 14 undistrbed: 0
g B¢ mmber) -
CO-SAL-0 {14. TOTAL MABER OF Cone BoXES {
NICOLAS ANDINO 96. ELEVATION SROWD WATER 4.377 it
WOLE
Dvertica. Cwcumen 4/20/04 _4/29/04
0. ELEVATION ToF OF WOLE 11877 FL
7. "aC0ESS OF SUNDEN 0 Ft.
BEPTH ORRLED 3170 Mok O FL 8. TOTAL CORE RECOVERY FOR GORING 6.0 X
0. TOTAL OEPTH OF WOLE 210 F1, ARNALDO HERNANDEZ
ELEV. JOEPTH| B | CLASSIFICATION OF MATERIALS =]
a =" {Description) REC § REMANKS o
o . < Spit Spoon
] P [
I N E— ) 0
4]  (SM) SILTY SAND, dark yeliowish s v
“3{ Dbrown, some gravel o1 SPLIT SPOON "
£ X L o
4
[ - s
2 =t
o 89 "
2 3 r
1 . er| 3 - P
z4) 45 ¥ 74 LA
K8 (SW) WELL GRADED SAND, R . n |
P, q wevely. dark gravisn prown. el « - o ol
:D.ﬁ 59 LI
*.9 T -
P9 s s - ° I
P d 44 LI X7
P ¥
+°4 @l - . r
$°4 290 T F
$° A
_:o:‘ w7 N 2
B 14 7
>, —=1
-_°.“ w0o] 8 = [ 2
_aac — o
P 4 )
—.'o:e .| e N I o
¥,9 18 7 ¥
P9 2 -
J q s | 0 - 2§
_-:o:c -3/ 5 F .
Jo 4 e T
$°4 AN - [
-46{ 105 =4° -46 s F
9 (CL) CLAY, sanoy yelowish B r
3 brown, some gravei. er | & - 2 F
—/ 6. 25 s
=6.1
7 1
-:% Wlw - T F
:% -7.6. [ 3
3 s T
. _-/ 56 | u - 7 § x
-9.1] 210 / -9 [ §
]
]
| e e — — —— e
[ 538 PREVIOUS EDITIONS AN OSSOLETE. PROJECT
ke RIO NiGUA PROJECT
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Hole No.CB-SAL -9

[DRILLING LOG (Cont. Sheet) [ o o o o e .44
RIO NIGUA PROJECT Jacksonvile District
ELEV. hﬂm g CLASSIFICATION mAmw.s R gﬁ! §:.
(Descrip Spoon S
] x m; o ]
e ST Y M D PSR — T
- [
] s
< S
- [-ars
49 Soils are lield visvally classified 140¢ HAMMER WITH 30" DROP
] in accordance with the Unitied USED ON 2.0" SPLIT SPOON <
- Sods Classification Systea. {=3/8 LD. X 2" 0D) L
3 F
-1 LA CLASSTFICATIONS -30
4 LASS Elev.#Ft.] W LLAPI :
E o -1.8 [ L
-3 225
3 =
3 =
3
- a
3 =
3 -5
- Fars
b [
3 i
- 50
F W38 PREVIOUS EDITIONS ARE OBSOLETE PROJECT HOLE NUMBER
i RIO NIGUA PROJECT l CB-SAL-S
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le No.CB-SAL-10
4/28/04 _4/20/94
7. ELEVATION YOP OF WOLE 17.303 Ft.
. TMICHMESS OF SUnOEN O FL
DEPTH DRILLED 970 MOCK O FC 9. TOTAL CORE AECOVERY FOR goABNG 08.0 X
TOTAL DEPTH OF WOLE 210 FL, ARNALDO HERNANDEZ
ELEv. joerTh g CLASSIFICATION OF MATERIALS & FEMARKS g
* (Description) REC g Spit Spoon L]
- ° Xla 8
173 0 7.3 ~
{SM} SILTY SAND, brown paie Il
brown some gravel ) SPLIT SPOON [ §
Y] LI o
« b
er| 2 - o ..
J4.J L4
L 9
s6| 3 - w |
28 0
14
&6 4 - 9 _-‘
/%) 3
A r
ls - s |
rY) A T
s 3
wo| e - L] q
43 L2 o
< b
C R4 - 2 ._'
Iy 3
LA 4
er 8 - 0 o
s3]l 120 53 (I 3
T’ (S} WELL GRADED SAND, I P
4 o gravelty, dark yelowish brown. 6| 9 - -
4 ©
Lo a8
Tof
:'o q B|o -
P 9 23 L)
-.o 8 9
3°4 sl - w |
“+°4 g s |
PIK) ®
Lo wo| e “ N
—$ 4 —4fus
4 0 LY 4 8
<o ®wlo - 2_F
P -22 13
:’. g [ 2
.9 00| u - s I
=371 2.0 P 9 =37 o_F
.—-E;“_.T_—._—_ ®°13
T TR 160 PREVIOUR CTTIonS ARE PRGIELT E— TOLE NMBER |
4 RIO NIGUA PROJECT CB-SAL-10
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. = 10
WWLLING LOG (Cont. Sheet) | 17.303 Ft. oF 2

RIO NIGUA PROJECT | Jacksonvile District

s

i

T
£

[ T T Y TN IR P Y .|....l.,L.J,L._.I....l....l....|....I....|....I....|...:I....|....l....|“..F

Soils are field wiually classitied
in accordance with the Unified
Soits Classitication Systen.

ELEV. joerTH § CLASSIFICATION OF KATERIALS l:ms*
(Description) llil:

e e e — —— —— — — —

a8
552t Spoan ge

“"IF“ PREVIOUS ECITIONS AAE OBSOLETE.

e e e o e s e 25

=
L215

1404 HAMMER WITH 30" DROP

USED ON 2.0" SPLIT SPOON

(1-3/8 LO. X 2° 0.0) -

LA8 CLASSTFICATIONS <

GLASS Elev. ¥t.) W LLPLPI H

- [ %] [ "
3 .
-2s
L3
=4
40
|-425
[a5
415
[-50

PROJECT l WOLE NUNBER
RIO NIGUA PROJECT CB-SAL-10
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Hole No.CB-SAL-11

[DRILLING LOG [ soutnavemtic | dscxsonwie ditrict ST
WO NTGuA PROJECT O T N T g, henarks
] AT veEdaay e NS
. YO -
u:—«
: S —
mwcu wmmoro
Ji& YotaL snen of cone soxes 1
i CLEVATION SO WaTen —20
4128/04_as28794
. YOP OF WOLE_17.800 FL
. THICKNESS OF SURDEN
mmm.n:f:n & TOTAL CORE ECOVERY ron soe 100 €
8. YOTAL DEPTH OF MOLE 210 F1. W!U”'EMMOEZ
aev. joerti CLASSIFICATION OF NATERIALS & rENARKS
* (Ductey e Soit Spoen b
Y 2 |e 3
zal 0 ) 0
(SN) SIL™ - SAND, yellowish 2 |
Sioun, some gravel wol 1 SPLIT SPOON P §
03 s I
LN 4
wol 2 i — Fos
X LI
3 r
w3 - 3 r
22 LI 4
© F
wo| 4 - 7 "
PTIRY) ne =}
{CL) CLAY, sandy dark yelSowish s
brown. Below elevation 8.8 1t. wol s - s I
some ciayey sand. [
03 LI 7Y
s
w0o| & - 0
ag T F
3 3
wol| 7 - [ E o
73 D
0
w| s - =
58 []
® Yos
wol o - I §
42 . |
-] -
wo| 0 - 20 F
20 20 F.
_‘ -
wo| 1 - 0
L3 13 15
{SC) CLAYEY SAND, cark % F
yelowish Drown, some gravel wo] 2 . r
—2 I'ns
_, 23
3 a
- wo| 8 - v F
=L73 95 T =17 []
= / (CL) CLAY, sandy, yelowish s b
./ brown. wo | . e |
22| 210 I/ -32 2
L : —— :a.s
I N I E— Teontineed] —— T
TR 0 PAEVIOS ECITIONS ARE OBSOLETL N HOLE WUWSER
Es3% | Fio NiGua pRosECT CB-SAL-1
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|ORILLING LO6 (Cont. Sheet)
[PREST
RIO NIGUA PROJECT

a.sv}mn ﬁ CLASSIFICATION OF MATERIALS
(Description) IEC

|-z}

tf

P PPN PR FPUTE TR TP PUUY TUPTE FTOT PP

TP M

TS FUU VI PRI PO

Soils are field visually classitied
in accordance with the Unified
Sails Classification Systea.

———— ———— {225

35

. 'EDITIONS ARE OBSOLETE. PROJECT -
B R oo - | RIO NGUA PROJECT

——
NUMDER

Inaz
CB-SAL-1I




NIGUA PROJECT
O Coardasios o7 STaliel)
48,885 Y=55,355

b I - G

243

CB-SAL-[2

disturbed: 14 undisturbed: O

164. TOTAL IUMBER OF CORE 80XES |
95. ELEVATION SROUND NATER 0.878 ft.

4727/94 4721194

2 Yo OF WOLE_21.076 FL

TOTAL CORE RECOVERY FOR SORMG 84.0 X

] _ARNALDO HERNANDEZ
CLASSIFICATION OF MATERIALS bua"‘" F
REMARKS
" Duacrplen reC gg e gu
— 280 Py
(SM) SILTY SAND, yetowish [N 3
brown, some gravel wol 1 SPLIT SPOON ——':
25 1r
LA 4
wo| 2 - o Fae
280 Ll
LI 4
00}) 3 - [ o
. 235 o Fr
’ N
00| 4 " F3
220 L 4
°r
wol s - s r
205 L
® | 15
wo| e - [ |
2.0 s r
- 3
0ol 7 - w ¥
-0
143 2 |
{CL) CLAY, sanay, dark yeowsh I
brown. 0ol 8 - (O of
2.0 "
£ Tos
wo| 9 » T ¥
M S
s r
00| © - P §
g 4 re
{SC) CLAYEY SAND, dark 2
yeilowish brown, some gravel. wo| - =z |
ns 2 r
8
00| R - 2 toe
200 Al
« F
00| B - s |
as [0 4
(SC} sanay yeilowsh brown. 12 20
100 | " s |
70 L]
—_—————re e e e ———— F:z.s
WOLE MMGER
(B-SAL-12
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quu.ms LOG (Cont. Sheet) I 21976 Ft. oF2
RIO NIGUA PROJECT Jdacksonvibe District
- R0 NIGUA PROJEC Jecksonvibe District___
Eev. joermn g CLASSIFICATION OF NATERIALS [ NS g
H {Description) ? g $Spiit Speon o
1R R S — [ S—— Y
. 25
- 278
] Sois are field veuslly classifiad 140¢ HAMNER WITH 30" OROP
E in accordance with the Unitied USED OM 2.0° SPLIT SPOON
- Soils Classification System. {=3/810. X2"00) -
- LIS CLISSIFICATIONS <
b QASS Elev. Ft.) W LL A PI
3 s mi T wew
]
- =1
3 .
- L%
- 2
= o0
- Fas
= =
3 Lars
f o
N30 PREVIOUS EDITIONS ARE SBSOLETE. PAOJECT . HOLE
e l RIO NIGUA PROJECT I CB-SAL-12
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UA PROJECT
ioerdneles o
Y=55,833
o
* CB-SAL-13 distwrbed: 14 undisturbed: 0
RARE S BAILD) _ TOTAL MAMBER OF CORE BOXES !
NICOLAS ANOINO 5. ELEVATION GROUND MATER (5.108 ft.
SREEYIo OF 70
Evermicae OlivcLinen 4/21194_4/21/84
TGSSEes O SO O F L .u.:vmmurnrm.:':.loan. =
8. OEPTH ORILLED INTO ROCK O F L. S T Sonne 80
0. TOTAL OEPTH OF HOLE 21 Ft. | ARNALDO HERNANDEZ
ELEV. [oePTH] 8 CLASSIFICATION OF MATERIALS ME‘ REMARKS 3
k] (Description) REC Soit Spoon i
w X [ 1
-l n
X1 -] — . I n
o'l (5W) WELL GRADED SaND [ 3
.o’c gravely, ypliowish brown. ] 1 SPLIT SPOON o
oS : ne " r
o d w F
3°4 ®]2 w |
=7 |25
20 $°d 6.1 R 3
:7 (CL) CLAY, sandy yellowmish 2 f
_./ Drown. a3 - ara -
MG 45 A _146 4 F
Teo (SW) WELL GRADED SAND, some s Fe
“Jo d sity sand, yelowmsh brown, er | « - = F
- © 3
¥.9 21 2 F
T.9 LA of
»* 49 8|S - 0 F
1° -t
.9 ne 75
T d (3 3
1.°4 0o] 6 - _*r
$°d . “_r
- 3°4 [ 4
1°d wol 7 IR
:U°G 26 L3 [
p R v I
o |8 - 0 |
:oon 71 w b
e ' 2 4 o5
S o7 | @ B3 F
:Doﬂ 56 w
-~ d LI o
To .
* 9 &7 | 0 LI 4
oy i,
P d « I
$.°4 wo| ¢ [ }
$°d 26 s |
:b:c . : o
< [l b
-4 d 17,
L] 8o §© i s } 5
1 {SC)} CLAYEY SAND, yeilowish a }
- brown, wo! o " s
3 -4 w F
4 43
3 w0 | s :'20
=191 210 1 -L9 [
e et —— e —— — — — —— EIITI_MT —_———— 2§
50 F0PN 1830 PAEVIOUS EDITIONS ARE OBSOLETE. PROECT W
RIO NIGUA PROJECT CB-SAL-13
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Hole No.C=5AL=12

DRILLING LOG (Cont. Sheet) ' Ft
e 19.108 Ft. oF2
RIO NIGUA PROJECT | Jacksonvile District
ELEV. [0erTH| 2 [ CLASSIFICATION OF MATERIALS ug
& Descriotion) REC|E RENARKS 2.
= Spit Spoon
& % |x [
) £-T-E  EUS JU J ISROS——
= =
= Fas
9 Soils are fietd visually ciassified 140¢ HAMMER WITH 30" DROP q
] n accoraance with the Unified USED ON 2,0° SPLIT SPOON [
3 Sods Classification System. (+-3/810. X 2" 00) -
- LAD CLASSIFICATIONS 20
3 CLASS Elev. (Ft.) wa LL AL PI <
] ™ T e e q
= 0s
= -
- ars
- F
3 625
3 45
- 415
] i
- r—so
F W38 PREVIOUS EDITIONS ARE OBSOLETE. PFROJECT MOLE NUMBER
R RIQ NIGUA PROJECT CB-SAL-13
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Hole No.CB-SAL14_
r7
OF
A4/28/04 _4/28/04
7. ELEVATION TOP OF WOLE 35.052 Ft.
TOTAL CORE AECOVERY FOR GORING_80.0 X
ETORATORE DF CELATOT]
ARNALDO HERNANDEZ
eev. joerTH| 8 | CLASSIFICATION OF MATERIALS "g‘ﬁ ‘gb
o >
gl - 5|32 St Soomn z
ST 351 Py
3] (SM) SILTY SAND, pale yelowish 2
3] Srown 33 SPLIT SPOON )
5 336 (A o
2 b
B2 - L]
321 O 3
(SP POORLLY GRADED SAND. s |
:2;“‘ Gark yalowish brown-dark so |3 - T F
08 LIS 4
»8 b
B4 - w '
281 24
* -
n)S - »
2.8 :.%_ L5
se | ¢ - 2 }
20, s r
» 3
s | 7 - 2t
246 2 r
N 2 F
1o} 8 - LI
221 ® r
24 L
]9 - (3 ¢ es
28 17 F
2
™mio - [T 3
201 “ls
13
AN - 10
X 2
3
n|e - % F,
/A1 ;44 L o
ISC) CLAYEY SAND, dark ©
yelowish bDrown, ss| o - 2
58 5.6 L
(SW} WELL GRADED SAND, gark 0
yedowrsh brown (SW). 18] u - I
.1 741 3
——t - ——————— T — — — — [2s
R TN 608 FREVIOUS EOITIONS ARE ORSOLETE. PRORLT HOLE NBER
] RIO NIGUA PROJECT CB-SAL-M4
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B- =14
ORILLING LOG (Cont. Sheet) 35.052 Ft. oF 2
PRIRCT Inrn:mmr‘
RIO NIGUA PROJECT Jacksonvite District
etev. joern] 8 | cLASSIFICATION OF MATERIALS umei'“ﬁ 3
REMARKS
C o
g e IRl S |§
_m..zz.:___ R EEn—— —_———— s
3 2
- : 215
E Soils are field visuaky classified 140# HAMMER WITH 30" OROP F
3 in accordance with the Unitied USED ON 2.0” SPLIT SPOON [
< Soils Classitication System. {-3/8 LD. X 2~ 0.0) -
3 [
- LAB CLASSTFICATIONS =
] CLASS Elev. Ft.) W LL AL PI 3
- 4 16.6 a www [
= 25
. ] E
5 s
b 9
b [
= L—!ls
- s
4 F
g F
= e
- a25
i~ . |45
E 415
3
q [
3 [
= 50
I S S E—
W38 PREVIOUS EDITIONS ANE PROJECT B HOLE MUNBER
RRG RIO NIGUA PROJECT CB-SAL-14
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disturbed: 20
- - 144 TOTAL MMBER OF CORE §OXES |
NICOLAS ANDINO 15, ELEVATION GROWD WATER NOT OBSERVED
Rvertica. Omapen 5/2/04 5/2/94
T SCEIS O SOBY O FL . ELEVATION TOP OF WOLE_ 52,007 F L.
DEF v DRELED BNTO ROCK O FL 8. TOTAL CORE RECOVERY POR BRI 70.8 X
TOTAL DEPTH OF MOLE 30.0 Ft. | ARMALDO HERNANDEZ
asv. [oer CLASSIFICATION OF MATERIALS 1]
Bl ~orummares gl mee (B
- L ] 8
Szl 0 827 "
{SM) SILTY SAND, gravelty, ight []
gray, some caicareous materisl wol & SPLIT SPOON 2 I
sz ® |
L 4
wo| 2 - 20
N 3
“r
™3 - ©
402} 4, T w b
{SM) SILTY SAND, gravefly, 2§
olive-oive gray. Below sievation wi < - =
422 some poorly graded sand. 2 .
467 54
LS o
wol & - =21
452 N s
)
s - 2
437 3 _F
L 4
se| 7 - 20
22 [ 3
L] b
LB ] - [Tl o
07 43
63
er| 9 - 7 'u
B2 L]
»r
LB - 2 ¥
1A “ £s
I
AN - W}
2.2 aF
22 q
["E ] - 22 F
sar e
L 2
|0 - [0 J
332 21
s F
a4 “ - 14 :-w
kIR 7 10 F
{CL) CLAY, silty, yellowish brown, 2
some fne sand. wo| B 26
— — — —— — — — '2 84
{continved) 25
RI0 NIGUA PROJECT CB-SAL-15
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H -SAL—!
qmm.msl.os (Cont. Sheet) 52,007 Fi. oF 2
RIO NIGUA PROJECT l :Jlamm- District
ELEV. [OEPTH CLASSIFICATION OF NATERIALS s 8
d
mal2s 4 4 e 25
o rrg
% 0| 8 - :
Y =f
_:% vl o S
E 8
é . =}
-E% e : -
':% rle . - F-as
£7 202 =t
% 6|2 - n
227300 ¥/ 22z 2 tw
E s
b Soils are fietd visuslty classitied 1404 HAMMER WITH 30° DROP
b in sccorgance with the Unified USED ON 2.0° SPLIT SPOON
- Soils Classification Systes, (-3/8 LD. X 2*OD.) -~
g
E fars
3 i unn F
- " e.7 2 wow -
3 2
= s
_: 3-415
ML —
- - IO NIGUA PROECT {Chehi-®
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25

1

. H .CB-SAL-18
Sauth atantic Sacksonvile District or
RIO NIGUA PROJECT r
BTN Roardast
] Xw§48.338 Y=56.730 i
: ey CME-4S
[ and e somer) distwbed: 20 undistrded: 0
D] TOTAL MUNOER OF CORE SOXES |
45, ELEVATION SROUND MATER NOT OBSERVED
KIYE R IRTED —~COWKETED
5/2/94__ 5/2/94
7. LEVATION TOP OF HOLE 48.941 Ft.
RECOVERY FOR SORDIG 74.0 X
aev. joerm § CLASSIFICATION OF MATERIALS  CORE gﬁ gu
el - it Soat Spoon H
[ 409! 0 499 °
X 1SM) SILTY SAND, gravaky. ight 2
s, OMN 30NE 3 |
3 Lo er| 1 SPLIT SPOON Y
4 484 o
‘.. 2
g 00{ 2 - 4
: <09 C 3
1) F
4| 3 - n
454 )
L.
|4 - .
PrT] 3
T
wo| 5 - [
424 21
w
wo| e - [T 3
409 “r
<04 2 F
o]  (SWi WELL GRADED SAND, wol| 7 - 20 F.
° gravelly, olive—iight olive gray. Jm‘ [
° . 2
o wol 8 - ‘nz° -
° L8 -«
° LER] - >
o
0.4 3
° 2 -
° 0o D - 2
o E” 14 P e
° 32 F
° |1 . = F
° 334 L of
° 6 F
° 00 -4 - 4t - 75
° 39 v r
° 5 F
o wo| o [
041 19 304 2 r
(SC) CLAYEY SAND, graveny, U L 20
yelowish brown. 00| - L
9 2 ]
«
|5 * L 4
— — — — —— — —— —— —— 27‘ s
{continued) 25
DR TN 1838 FREVIOUS EDITIONS ARE OSSOLETE- PROJECT WOLE NUNBER
RIO NIGUA PROJECT CB-SAL-%

240



252

49.041 Ft.

Jacksonvile District

)

{CL} CLAY, silty, dark yesowish
the
S

Siown.
Soils are
accor
Soits Cinssiti

CAVITY

41

PROJECT
| RIO NIGUA PROJECT

ENERRTR T //////

0 NIGUA PROSECT

M MAM Aaass ---.-.q—.:.-..--4-.-...—.-.-..:_-...-.-q.—....-..-.—-...-....—...._::d

E

DRILLING LOG (Cont. Sheet!
T

ELEV.

24y
2445
~22]210 1

i



253

%LING LOG I South Atiantic ' Jacksonvise District OF 2
RIO NIGUA PROJECT
[OAYISH Loordnatos o Siotiad
¥=£52,505 Y=57923 R \
T RIS BT o
-UELOS INC. Ll
and Mo mmber) CB-COC-1 distwbed: 20 undistwbied: 0
TOTAL MUMBER OF CORE SOXES |
PABLO ANDING 5. ELEVATION OROUND WATER NOT OBSERVED
OF NOLE
BDverticar Dncuiveo 4/12/84 _ 4/12/04
7. THICKNESS OF BURGEN O F1, ,"‘?;"""m'm';u""“x
& DEFTH ORILED IHTC ROCX O FL 8. TOTAL CORE RECOVERY FoR SoRRS
9. TOTAL OEPTH OF HOLE 30.0 F1. | _ARNALDO HERNANDEZ
aLev. [oeptv § cussmc‘glon muauu.s CoRe gﬁ gh
. scrip Spoon o"
] - X mg o 2
| Q24f 0 — 4 °
{SM) SILTY SAND, dark-yetiowish s ¥
brown sone, gravel £ I SPLIT SPOON (3
679 s |
' r
2|2 (IR P
864 [
‘ 3
afa3 - * F
049 LI 4
£ 15
B4 - 5 f
£34] 60 : 834 L]
4 {6M) SILTY GRAVEL and graveity »
B  38nd. grayish brown-gray. wls - e
4 [
019 2 I
£ 40
4 e - » ¥
Tht 804 23
:i - 4 I
= ’~>' |7 - by
El. 4 588 l:
. -:l. y |8 P - T
t b 574 [
10 2 1o
% 10| 9 - s2 |
37 2 x
*F L o
d 8|0 3 4
S4.4 3 54.4 L ™
(SM} SILTY SAND, some gravei, []
gark yelowish brown. s | n - 20 F
529 2 |
35 P
nle 24 |
175
‘sia I
[ 4
wo| B - 2
49.9 16
24 |
56 | 14 3 Tzo
45.4 26
(SC] CLAYEY SAND, some sty 36 -
sand, brown—grayish brown. wol| B 32 4
-1 e e o 469 o |
(continved} 28
”',F“ PREVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE NUNBER
RIO NIGUA PROJECT £B-COC-1
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Hole No.CB-COC-2

ORILLING LOG I South Atiantic I Jacksonvile District OF I
~0
AIO NIGUA PROJECT 0. SI2E TYPE OF 8IT See Rmrk's
o MSL
X=553,4080 Y=58,533
1
SUELOS INC. LSl
(g . - " .
ond foe mumver) £B-COC-2 distwrbed: 14 undisturbed: 0
TOTAL MUMBER OF CORE BOXES |
PABLO ANDINO . |ss. ELEVATION SROUNG KATER NOT OBSERVED
OF HOLE
RDverrica. O wcumep 4/13/94__ 4/13/64
(7, ELEVATION TOP OF MOLE 73,8 FL
7. PACKNESS OF BUNOEN O Ft. —
s oeriv oRELED oFL .mu.ul!mvmm- 58.8 X
[9. TOTAL DEPTH OF HOLE 21.0 Ft. | ARNALDO HERNANDEZ
we
ELEV. {OEPTH| 8 |  CLASSIFICATION OF MATERIALS e EH R Eb
8 - (Description) REC ig Spit Spoon st
w X |< -
= o L]
738 728 0
(SM) SILTY SAND, dark-yellowish 3 F
brown, some graveL or |1 sPTsroon 2 |
23 s F
L] 3
| 2 s Foe
708 (]
LI 4
L - 4
88, 08,3 6 P
(GM) SILTY GRAVEL, some sity s 't
sand, dark yellowish brown—gray. 66| 4 - T ¥
. oz s |
2
8|5 - [ &
86.3 s t,
(1 3 o
er| e - 0 F
40 2 F
24
4l 7 - v ry
833 L]
« F
erl e - ®
6.8 2
[
se| ® - 8 P 25
80.5 L o
20
s6| O - 23
58.8 27 -
. 14
B i - 0 ¢
- 573 LA of
3 26
3 Ble % Fos
s58) 180 7 .8 a2 r
4 (ML) SILTS, some sana, grayssh [ 3
_‘_ drown. 2|6 - 2¢
E 54.3 2 r
4 Bl 2
=3 67 | w4 " 2} 2
| _52.8] 210 1 .8 , 2
1 [ Sous are tield wisuatly classified :J‘SOE.UNoAr:?EOE ;L{;‘T:g,o%“:’ o
E n accoroance with the Unitied (1-3/8 ID- X 2.0" 0.0.} -
1 Soils Classification System. - Ee [
- LAB CLASSIFICATIONS [ 25
CLASS Elev.Ft.) Wn W PLPI
R FOMI 38 PREVIOUS EDITIONS AAC GRSOLETE. PROECT " WOLE
RIO NIGUA PROJECT CB-C0C-2
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" ” e | h.F{F bl m..--.-'.'..h -.-w-.ﬁ. oy | -* 1 M-;-.-.‘-..-h -ﬂ L * N M ad .-ﬁ

09.37 Ft.

JORILLING LOG (Cont. Sheet)

] 2

mﬁnun_nnw_.“.annu

u !
'
[

[G-ac

el
B, <

s . i ' N Tw “3!
k B
BEEEEEDE o
Wl e e . “
_ :
m " iy h_
mw | :
m _ \
| ;
] [ |
E g
: -
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RIO NIGUA PROJECT :
I TIATION oardasier o Slalad
X=554,438_Y=64,153 L
disturbed: 14 undistwbed: 0
134 TOTAL MUMBER OF CORE BOXES 1
|45, ELEVATION GROWE MATER NOT OBSERVED
4/14/84  a/14/94
. THICKHESS OF BAn0EN O Ft. z:‘mw’m 3287 Ft. T
8. 0EFTH ORRLED INTO MOCK O Ft. AL CORE RECOVERY POR SORIG 58
TOTAL OEPTH OF MOLE 210 Fi. | ARNALDO HERNANDEZ
ELEV. J0EPTH] B | CLASSIFICATION OF MATERIALS mﬁ"" g
=" (Description REC §§ Jouns n
-] N Rl L]
8261 .0 — 28 o
‘E:‘). SILTY ?‘AND 3 ¢
~yetiowish Drown, some [
gravel LN SPLIT SPOON 5
2l LI o
LI ¢
nl2 - [T 3
25
796 ©_r
L] 3
’m|3 - 0
781} 4S5 71 o}
{6M) SILTY GRAVEL, dark CH %
yefiowish brown, some gray. . 4| a - w F
76.6 w r
= r
s - FI 3
3] L 4
. :15
Ble - 2
ne LI of
L] 3
a4 7 " 2
=X
Zat 20 ]
2
er]|e - 2 b
. 708 a8
»
44 9 - 13 rﬂ‘
£8. LI 4
= F
|0 - ]
gre ? te
1
wol a = [
06,1 “r
[SM) SILTY SAND, some gravel, I 3
aark yelowish brown. s | 2 - 3
—mneee {1 5
84,6 34
2 }
8]0 - » |
63.L LA 4
1w - F2%
616] 21 616
Soils are feld visually classified 140¢ HAMMER WITH 30 DROP
in accordance with the Unified USED ON 2.0" SPLIT SPOON L2
Soits Classification System. - (1-3/8 1.0. X 2" 0.0.)
mw” PREVIOUS EDITIONS ANE OBSOLETE. PROJECT HOLE NUMBER
RIO NIGUA PROJECT - CB-C0C-3
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ORILLING LOG| sourn atansc acksonate Distric
RTO SIZE AMD TYPE OF KIT See Remarks
o
XwB85,347 Y=64.731 L3
SUELOS INC. L&
- "
RXER P Gstubed: 8____undstwded: 0
moer) LB-coc-4 1o ToTAL saamER OF CORE aciees |
PABLO ANOINO 16, ELEVATION ORI MATSR NOT OBSERVED
Dverticu. CImciren Alid/es afi4/o4
e 7. ELevATION ToP oF WOLE_©0.14 FL
. WICKNESS OF SURORN O FL
Ty TOTAL CORE AECOVERY POR SORBIS 54.0 X
TOTAL OEPTH OF NOLE 24.0 FL. ARNALDO HERNANDEZ
ELEV. JOEPTH CLASSIFICATION OF MATENIALS
E SIFICATION O it Jouns, £
. 5|3 g
WY — " s0r .
(SM) SILTY SAND, some gravel, I
1]y dark-yeHowish brown. el SPLIT SPOON [ 3
s s8¢ LI o
: ¢ ] 3
X5 44 ) 2 - []
43 1A} 2_r
; ' 1
3 K - [
Z 250 LI 4
3
o - ® F
wry = §
(GM] SILTY GRAVEL, some sty . |-
3and, dark grayish brown-gray. nls - ® F
£20 2 115
“wr
nle - B_r
r1] I o
a2y
n|r - 48 .-ﬂ
;1] “r
nr
nle - 2 r
3 . Y a5
Ky 3 2 Fos
il no R ¥ u|e " » r
4 (W) SILTS, sandy and some 788 4 b
P ciayey materisl, dark yelowish 2
- brown. L
3 B|o - 7 r
-] 251 2 r.
- T
3 wol 1 - O §
< A ] 5 r
p LA 4
3 ule - 2 Fos
3 221 L 4
- 12 q
B wo| o b s r
. 708 L 4
3 L
3 wo | u - 0 :'u
+—on1] 210 3 -1
Bi5 (SM) SILTY SAND, brown-grayish L o
p c brown. w| B - or
'] <
— L — — l R m
SIS0 EVIUS CRITINS ARE CRRALETE TowoscT l
RIO NIGUA PROJECT CB-COC-4
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ORILLING LOG (Cont. Sheet)
T

RIO NIGUA PROJECT

258

ELEV.

CLASSIFICATION OF MATERIALS
(Description)

AR

—ea

—————————————
a',”“ PREVIOVS COITIONS AAE OSSOLETE.

[~
| WY FUPI PV PUUTY PN TRV FUUIN TN POV TPIIN FUUNT UV FUUIR PRTIT FVTIR TUUT FRIT TV TUTIR TOOTE PO |F

0

Soils are field visualty ciassified
in accordance with the Unified
Sots Classification Systen.

Fars

[s0

28

TPRoJECT "
RIO NIGUA PROJECT
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Hole No.CB-COC
pIVTS T g
gl T
RI0 NIGUA PROJECT S LTI .
T e dnatss o SToted Py
Xw556,127 Y=00.223 RO A TORER'S EESTSRATION OF O]
- URICRG 25ER CME-45
H GiaAL W, U UV DRDER AWLE e
distwbed: 8 undisturbed: 0
ge-cocs 114, TOTAL NUMBER OF CORE BOXES |
6. ELEVATION GROUMD MATER NOT OBSERVED
4728/84_4/26/04
7. ELEVATION TOP OF HOLE 05.946 Ft.
o momD oMo 0FL et et
TOTAL OEPTH OF WOLE (2.0 F1. _ARNALDO HERNANDEZ
ELEV. rwm § CLASSIFICATION OF MATERIALS o gg gb
wl . 3 H] S04t Spoen F]
) 859 °
{SM) SILTY SAND, dark-yesowish 2 b
gravel w1 SPLIT SPOON 2
944 E o
: S r
: 1| 2 - s e
3 9 5 F
3 1 f
8 s - w F
914 - r2] 20
[GM) SILTY GRAVEL, Gark 7
yetlowish brown—gray. 0l . FYI
28,0 21
17 =
2|5 - 2 F
_884 24},
N
nfe - [N
269 24 -
*r
2|7 - 24 |
Lo
254 32 ¥
L o
2|s - 14 |-
2391 20 d 2839 Lo 4
s
Soils are fietd visually ciassitied 1404 HAMMER WITH 30" DAOP =3
m accordance with the Unified USED ON 2.0 SPLIT SPOON [
Sods Classitication System. (1-3/8" 1D. X 20" 0.0..
f-us
LAB CLASSIFICATIONS o
CLASS Elev.tFr.) wn LL P PI F
o .4 2 - -
-20
25
aw“ PREVIOUS EDITIONS ARE CBSOLETE. PROJECT MOLE
RIO NIGUA PROJECT CB-C0C-5§
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.ORILLING—-_LOG i O e u,.,m'-mu%m
RIO NIGUA PROJECT IXTUR PO VATIOHR SROR
[IRATION T aercnetes oF y
X=556,974 Y=80.75! GR
ORI ISEREY
SUELOS INC. Ll
e 00 naber) _ disturbed: 14 undisturbed: 0
CROE O ORKLER £e-coc-¢ TOTAL NUMBER OF CONE BOXES |
PABLO ANDINO 6 ELEVATION OROUND MATER NOT OBSERVED
kY 73
®vertica. CImcimen 4/18/84__ a/18/94
', TNICKNESS OF SUROEN 0 FL. 0 ""'ill.l':z.ur F;s__z_;
LOEPTH CRRLED INTO AOCK O . . TOTAL CORE AECOVERY PR SORDS L
1 TOTAL DEPTH OF WOLE 210 Ft. |__ARNALDO HERNANDEZ
ELEV. [DEPTH g CLASSIFICATION OF MATERIALS W gh
& [Description) ngc g; Splt Spocn 3
=] @ 8
0 029 0
4 (SM) SILTY SAND, some gravel, [
4] dan-yekowish brown. EL SPLIT SPOON [
Qid LA o
o |
nj2 - 7 _Fos
$9.9 L
(GM) SILTY GRAVEL, some silty 3
38nd, dark yedowish brown-gray. sef 3 - 3
. s —t
3
s | 4 - ) ,"
209 » ¥
LI o
4ais - e |
954 LIS &)
er | s - M 3
£2.8 LLIN o
LLJ 3
44 7 - 24 F
(-0
824 2 F
48 q
AN - » |
. 909 = F
® }
e - [3 '”
294 LI o
" -~
CAR - [ ;
279 “r.
[ §
ss | n - N ¢
864 LA o
20 -
(TR K] " a2
—_—5
845 s r
24 |
44 | © - 43 -
83.4 2 F
[
a“iu - 2 _—20
219 50
- St S N T M
TR FQRN WIS PAEVIOUS COITIONS AAE ORSOLETE. PROIECT WBER
RIO NIGUA PROJECT CB-CoC-6
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—rra Hole No,CB~COC—8 '
DRILLING LOG (Cont. Sheet) 102.807 FL. oF 5
RIO NIGUA PROJECT I Jacksonvile District
asv. oermh CLASSIFICATION OF NATERIALS e
w X | s
A e B ey XY
3 Soits are field visusty classitied 1404 HAMMER WITH 30" DROP 3
] in accordance with the Unified USED ON 2.0" SPLIT SPOON 4
= Soils Classification Systes. (-3/8 LD. X 2" 0.0.) . %
3 LA CLASSIFICATIONS
3 * QASS Elev.Ft.) W W AT -
] 1 0.4 2 - E
= -25
- -3
= -5
3 i
— %
- 315
: o
- 5
- 2
= Lars
: _ o
P W38 PAEVIOUS EOTTIONS ARE PROJECT HOLE NUNBER
En S [ R0 Nioua prosECT CB-C0C-6
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.' o -
Jacksonvise District § oF 2
10 STZE AHO TYPE OF BIT S
MSL
P RAOF R
BK-51
|_Oistwped: 18___ undisturbed:0 |
TOTAL MMBER OF CORE SOXES |
16, ELEVATION GROUND WATER NOT OBSERVED
4/19/94 4119794
A ToP OF WOLE 107.24 FL
7. THICKMESS OF GUROEN O Ft.
= ) SFC TOTAL CORE FOR SORNG 63.8 X
0. TOTAL DEPTH OF WOLE 27.0 Ft. I ARNALDO HERNANDEZ
ELEY. |DEPTH CLASSIFICATION OF MATERIALS ElH 3
g T e Jowms |2,
] . X {5 2
|_pr2 072 0
(SM} SILTY SAND, some gravel, s I
aark-yesowish Drown. s SPLET SPOON w_F
057 L2 o
2 r
el 2 - (3
042 042 L o
‘ (GN) SILTY GRAVEL, yellowish s |
I brown-gray some clayey material |3 - .
| below. sievation 93.7, some 1
pooriy graded gravel below 027 2
elevation 90.7. £
7] a - s |
QL2 LA 4
2
» 3|S - L o
y :
-~ 20.7 2 _Eaos
5 g w |
® 5 @) - b
B’ 282 °r
bl ol
2 3 [} 7 26 -_n
b3 957 2 r
bl s F
4] nle “ s
-' O a
3 5 [ §
N 2 _Les
“3nk 1| - ¢ I
1% 30
937
1 = F
b/ wo| 0 " so
e U
e 922 LI
'S [ 2 4
2 22| - £ 3
..:" . %07 24 |
-'. ! 2 Fr
3 - s
Iab e7|e 5 _Fas
gs2]180 N 892 v _r
(SM) SILTY SAND, gravelly, 7 r
aark~ yellowish brown. 6| - ® -
8.7 24 F
28 |
s6 | W k 24 _-zo
8.2 kil
3
a|s - s
-— {continved] 25
TQR 00 PREVIOVS EOITIONS ARE oesoLETE | PROJECT — WOLE NUWGER
35 RIO NIGUA PROJECT ‘ cB-coc-7
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=7

No.

H

107.24 Ft.

Jacksonville District

ORILLING L0G_(Cont. Sheet)
RIO NIGUA PROJECT

o |
L 4

DROP
no
{ tB-coc-7

ar
202
140¢
USED

[
[
aass
L4

RIO NIGUA PROJECT

Soils are fieid visuslly classified
in accordance with the Unified
Soils Classification System.

3 g
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X C—
—
DRILLING LOG F slu..,.',.l Atiantic achsonvite District A
“PROECT oF
- RIO NIGUA PROJECT 0. 512 4O TYIE e Renak
CURXVION Tosrdnatet o Siob MSL
X*658,398 Y=62,I85 g
ORI A
SUELOS INC. L]
- ; 14 "
S mocs | ek smweeo
PASLO ANDINO {6 ELEVATION GROUND WATER_NOT OBSERVED
T OMECTION OF WL
Svernica. ChmcLven ‘/:"/" :gl’:;ﬂ
b 17. ELEVATION TOP OF MOLE
. THICKNESS OF SUMDEN O Ft.
mmw O Ft. TOTAL CORE AECOVERY POR BORING 43.6 X
- TOTAL DEPTH OF WLE 210 Ft. | ARNALDO HERNANDEZ
SLEV. |0EPTH CLASSIFICATION OF MATERIALS =] a8
5 - (Description) EC §; e yis Ee
w % |a &
<! 0 24 0
{SM) SILTY SAND, some gravel, 2 b
Qark-yelowish brown, ul SILIT SPOON o
<) 3 r
s I
se |2 - I
X1 w4 2 |
(BM) SILTY GRAVEL, dark 12 }
ish brown-gray, some sity a3 - s -
3and below elevation 109.4. E
09 -
w |
6| 4 - 48 E"
094 1 3
17 o
s8] s - [
079 LS &1
L] S
afe - 2
x00.4 O
" 3
7 - % F
'y
049 »
" 3
n|s - [
034 s
0 2
44 9 - " :-”
L9 LI ¢
o _r
1|0 - 7« |
0.4 3 .
30 L
58 ] - 42 i
9 LI od
6
28|02 - 8 L as
7.4 A
_xr
3 2|0 - « |
] 959 38
r 18
3 | n - 0 :-20
3 944 22
—— e — | [T |2
Ll RIO NIGUA PROJECT CB-CoC-8




265

DRILLING LOG (Cont. MT“"“WM%%
RIO NTGUA PROJECT

I Jacksonvile District

7
1
é
;

-
e s |

...|....l....|....I....|....l....|....l....|....I....|....I....|....I....|....l....|....l....|....F

aaaals

. [-s0
- PROJECT WOLE W
Rty -~ I RIO NIGUA PROJECT | Ta-coces

=
- rlk ~—r————— e —— e L&s
Solts are field visually classiied 1404 HAMMER WITH 30° DROP 3
in accordance with the Unified USED ON 2.0" SPLIT SPOON [
Sois Classification Systes. (1-3/8" 10. x 2.0 0.0)

T

S v
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Hole No -0
DRILLING LOG [ son atiantic acksonvile District
AIO NIGUA PROJECT 10, SIZE MO TYPE o af7_See Remarks
X>558,807 Y=83,022 o
SUELOS INC. S
- h 3
and 000 semser) OO gistwrbed: 20 undisturded: O
£8-coc-e | {14 TOTAL MUMOER OF CONE SoxES 10 .
NICOLAS ANDINO 5. ELEVATION SROUND WATER NOT OBSERVED
Bvertica. CIaren A/45/04_4/45/04
. THICKMESS OF OF{. . ELEVATION TOP OF WOLE 125.141 Ft.
o 0EP™i DRALLED BTO OFC TOTAL CORE AECOVERY FOR BOANNG 85 X
0. TOTAL DEPYH OF WOLE 28,0 FL, ARNALOO HERNANDEZ
ELEv. [oerm CLASSIFICATION OF HATERIALS g‘ 3
§ = (Description) nEC AENARKS e
u |3 S0kt Spoon g
|2a .0 I— 25! 0
(SN} SILTY SAND, some gravel, s b
dark—yelowish brown. 8 1 SPLIT SPOON " "] F
= F
LI 4
e |2 - + b
221} ; s b
{GM) SILTY GRAVEL, grayish [ 3
Inm-guy. 67 3 - [ :_
200 A r
8
8 4 - » _-‘
! 24
[" } -
s6 | S - 2 b
e : 27
nls - [ §
.1 o
n b
44| 7 - "
—1°
50 =
wo| 8 - o I
, 0
88
L] - 0 [ —s
me °_f
L o
M| D - 0 b
m.! O e
rram
LS +
NR 1] - [
086 [ o
12 q
se| e . 0
- ]
34}
2|0 42 =
. l_0§.6 36
a2
0| u T3 ad
041l 21 041 32
(GM) SILTY GRAVEL, some E
Clayey material, dark yelowish &7 5 - 18
Drfown L
1 —— e — £ 2 Ias
{continued)
2 B8 PAEVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE NUNBER
R l RIO NIGUA PROJECT CB-COC-9
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w

Hole

125.141 Ft.

Jacksonville District

RI0 NIGUA PROJECT

'DRILLING LOG (Cont. Sheet)
T

sn0% —a_nw_a l—” R|¢
WW
b~

il |l
i §5g

MW.M)LL 1H

wm AR
3

LA CLASSIFICATIONS
QASS Elev. Ft.)
1746

Soils are Gield visuay classified
in accorgance with the Unified
Soits Classification System.

R0 NIGUA PROJECT
256

PROJECT

N9 (9 9 50 ‘0 e

TR M LMAAAS RAARS AAARE RALAS RARSSRAZAS RARAS LALLL Lo Az s o n s EE R ——
L i i I T i ' I T { ! T T T ! I T T

iy A

Wuu PREVIOUS EDITIONS ARE ORSOLETE.
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m e -COC-10
IO 7]
South Atlantic Jacksonvile District oF 1
RIO NIGUA PROJECT DA S0 TYPE 07 817 Sou Remarks oD
ORI Loarcesies o Waod
X*550,380 Y=83.884 -| ETORERS DES IS TION 5 ORI
oG XzER
[ . & Groviy distwbed: 9 wndisturbed: 0
SN Mo aumber) - -
e oroaTE £a-coe 14. TOTAL MMBER OF CORE BOXES |
ANDINO 15. ELEVATION SR0UsD ATER NOT OBSERVED
Svenmear. O scLpen | 4/26/04 _4/26/64
. THICKMESS OF BUROEN O Ft. l___—“':m“":‘""‘“":‘m FLETIS:
DEPTH DRILLED INTO AOCX O FL TEITORE S ,.,‘,,.,.. Soree 20
Jo. TOTAL OEPTH OF HOLE 11.5 Ft. ARNALDO HERNANOEZ
ELEV. [0EPTH CLASSIFICATION OF NATERIALS rul"'ﬁ s @
F g : btionl REC g; Splt Spoon S
w . x =1
- Ll
|2 219 o
{SM) SILTY SAND, some gravei, s F
dark~-yelowish brown. o eurrsoon o1
204 LI o
2 r
2f2 - Tl 29
| 2881 30 zag LI 4
{GM) SILTY GRAVEL, dark 2
yellowish brown-gray. 0] 3 - .
213 ol
=
2| 4 - 2
258 L
%
®is - 12
243 4
L ¢
e - 0
228 2 r
_xr
3l - 3
z‘l A1 -0
(SM) SILTY SAND, some gravel, 52
dark yelowish brown. e “ - F
_ms o}
100
ale - 0 :-ﬂ.s
|_ma3l 13§ 3 o
Soils are field nisuaily classified 140¢# HAMMER WITH 30" DROP <]
n accordance with the Unified USED ON 2.0" SPLIT SPOON
Sois Classitication System, (1-3/8 1L0. X 2" 0.D.) -
LAB CLASSIFICATIONS
QLASS Elev. Ft.) W LL AL P) L s
o™ 125.8 1 -
20
|-2.5
1830 PREVIOUS COTTIONS ONSOLETE. PROJECT HOLE NUMBER
2% [0 Nioua PRoECT £8-C0c-10

257
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acksonvile District
" SuELos INC ]
- " . "
and f0o aunter) C8-CoC-11 &';trwwd. [] undisturbed: 0
AL MUMBER OF CORE 1
NICOLAS ANDINO %5, ELEVATION SROWD MATER NOT OBSERVED
B vertica. D mcen 4/25/04__4/25/94
17, ELEVATION TOP OF WOLE 139.906 FL.
. THICIEESS OF SUROEN O Ft.
OEPYY GRILLED 10 ROCK O FL. TOTAL CORE RECOVERY FOR GOAMNG 23.4 X
TYOTAL DEPTH OF HOLE (3.5 Ft. ARNALDO HERNANDEZ
ELEV. |OEPTH § CLASSIFICATION OF MATERIALS I g
e = 2w |
] . bl 2
] 288 Py
4] (M} SILTY SAND, some gravei, s |
‘3] oark-yelowish brown. al SPLIT SPOON —
3 Dae "
" o
= 22 - )
. 30 7 nes El
o] (SWi WELL GRADED SAND, dark s F
4 o°¢ yedowish brown, 2|3 - 00
:B°l D54 o [
- [
Pod 33|« - [T
P9 239 10
b 3C L o
:D:II 21S - [ 4
- d 224 2 F,
] o‘ % | 5
% : p n]e - 00 F
4 309 S r
:D'l L o
_-°ol 217 $0 Lo
1° 284 %0o_¥
P i
] oY 7|8 - LI o
P9 218 32
q 53 b
:d nle - 80 .—ﬂ
| 6.4} 135 P 4 264 100
- Soils are treld wsvally classified 140¢ HAMMER WITH 30" DROP =
] in accoraance with the Unified USED ON 2.0 SPLIT SPOON 4
9 Sois Classification System. {-3/8 LO. X 2" 0.0.) t
- [-0s
3 LAB CLASSIFICATIONS
] CLASS Elev.(FL.) wn LL PLPIT
- ] 127.4 3 -
3 o
- 2.5
T 7O 30 FREVIOUS EQITIONS MAE GRIOLETE. PROJECT HOLE NMUMBER
RIO NIGUA PROJECT CB-COC-1

258
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. Hole No.CB-COC-12
ORILLING LOG |™ soutn anantec I Jacksanvite District SrELT T
RIO NIGUA PROJECT 0. $12¢ A0 TYPE O Remarky
LBCATION Cosransios o T
X=580,302_Y=85.558 TGN
IRITCSG XCEN
e 50 Rasetor) _coeo disturoed: 0 undisturbed: 0
. c8-coc-r {14 TOTAL MMBER OF CORE SoXES 1
NICOLAS ANDINO A ELEVATION GROUND MATER NOT OBSERVED
Rveatics. Cpcumen A125/04_4/25/04
TeOoEs O SoBn OFL n.mamwarm.z':uzw;w’
S OEFTH ORILLED INTO AGCX O F1. 8. TOTAL CORE ACCOVERY FOR BORBN
0. TOTAL OEPTH OF WOLE 15.0 Ft. ] ARNALDO HERNANDEZ
eev. joermy E CLASSIFICATION OF WATERIALS [ooRe] 83| 2
~ WDescriotion) rec|§ vyl ze
H
-] . @ 2
38 M3 0
(SM) SILTY SAND, some gravel, o }
dark-yefiowish brown. 2 1 SPLIT SPOON T :
423 [
[
2 2 114 -_u
_140.8 LJ
- ° 3
- RLY I - [ o
_139.3] 45 1 283 o f
1 (GM} SILTY GRAVEL, dark 2
—:l; yellowish brown. 0|4 . = s
P4 N:14 2 ¥
] 3 o
B’y 9
ir .ls - 78 |
35 me T
31» 2 9
-ir. aule - T §
iy 1248 : I
* s F
<4 L
X 2|7 - 15
—3p T
¥ 7333 2 |
i» M r
4 ules - <
> e s2_}
Y KA
X Lvs
y ale . —=1
:i. 2303 LS 4
3 2 _F
by so| 0 - wo |
12881150 1B 8.8 5
. Sois are freld visuatly cassitied 140¢ HAMMER WITH 30" DROP
- 0 accordance with the Unified USED ON 2.0" SPLIT SPOON L.s
4 Soils Classification System. (+=3/8 LO. X 2.0" 0.0}
- LAB CLASSIFICATIONS 20
b CLASS Elev.(Ft.) wn L PLP] [
] ™ 129.3 « 3
- 225
[V NN N ER— M——
3;”“ PREVIOUS EDITIONS ARE OBSOLETE. PROJECT MOLE NUMBER
RIO NIGUA PROJECT CB-CoC-12
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Jacksonvie District

X=560.858 Y=8.430

PRICCING 0T
SUELOS INC.
cm ey wrn) o Fovag TR

€B-CoC-13

OF §IT See Remarks
TS D OwR ey ),

4. TOTAL MUMBER OF CORE SOXES |

4/25/04_4/25/84

7. ELEVATION TOP OF WOLE 154.40 Ft.

5. ELEVATION GAOUND WATER NOT OBSERVED

271

Ui hontl st B,
| L TOTAL CORE RECOVERY FOR BORING 45.0 X
0. TOTAL DEPTH OF MOLE 13.5 Ft. l ARNALDO HERNANDEZ
£Lev. joermH g CLASSIFICATION ma‘rsmu.s cgcdg‘ 2:.
o (Descrip! Spoon 2
Y X mg Solt &
4] _0° 4
‘ {SM) SILTY SAND, some gravel, 4 ¢
dark-yesowish Drown. aa] swITsroon _® _E
_s20_ E
L o
as]2 - “_r
| srel 30 K 14 3 r (el
4 (GM] SILTY GRAVEL, dark © I
b ya¥owish Drown. o] 3 - [
1 1499 “ r
< n_F
] . 5
4 o1 | 4 [ 3
Pl [ §
1 s F
o er | s - N 4
d 146.9 2 Lis
> o
> nls " » r
’. 145.4 24 |
5 PR :
- -0
< 1439 ®
» - r
»|e - 3 I
o P 35
1 —Ltes
" 2|e " S r
d 1409 00
LN o
> o - [
139.4 1294 [5
-
Soils are teld visudlly classihed 1404 HAMMER WITH 30" OROP .
n accoraance with the Unied USED ON 2.0" SPLIT SPOON L
Sois Classiication System. {1-3/81.D. X 2.0"0.0.) s
LAB CLASSIFICATIONS 20
QLASS Elev.iFt.) W LL PLPT [
] 105.4 a "
25
I
NG TORM 1838 PAEVIOUS EDITIONS ARE ORSOLETE. PROJECT [nou.:
RIO NIGUA PROJECT CB-coc-13
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2

Hole No.TP-SAL 1
SREET T

72

ETOTSTOn IRETXITIYION
ORILLING LOG SV, e o A
i N X —Th. 11 1
PR Coordnetes o STaliard ICOXTUR FOR ED) DR SRR 7 30

MSL i
2 ARIFZITTORER'S UESHSA T IOH OF Ll
FORD §500
i N distwbed: 2 undistwbed: 0
IO DRETE) TOTAL NUMBER OF CORE GOXES |
[ e e e ]
RAUL CARTAGENA 1. ELEVATION GROUND MATER NOT OBSERVED
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BRAIN SIZE DISTRIBUTION TEST REPORT

-iDate: 9-7-1994

SUELOS INC.

BGRAIN SI2E DISTRIBUTION TEST REPORT

Fisure No.1

4 44
100, 24iixsex , 2 g 33 2
v N
- N
k]
ool 1
= :
Se L
B[l
se | i
20 | 11 =
e | i
ol lIi
. 200 100 10.0 T 1.8 ..1 e.01 s.001
H ORAIN $IZE - am
est|Xe7S.] X emavEL X SoND | xsnt | xcaar
o[ 16 | 0.0 2.4 4.5 | 13.1
LL [ Pr | Tes Do | Dsp | D3 s Mo | - G Cu
S|~ NP | 1.44 | 6.71 | 8.58 | ©.37¢ |©. 1488
MATERIAL DESCRIPTION uscs ARSHTO
T SILTY SAd ) A-1-b
Project No.: * Remarks:
Project: RIO NIGUR, SALINAS P.R. _BORING CB-SAL-1
o Location: BOR.CB-SaL-1,SAMPLE ¢ SAMPLE Mo, 4
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GRAIN SIZE DISTRIBUTION TEST REPORT

@ Location: BORING CB-SAL-2, SAMPLE No. 5

Date: 9-17-94
GRAIN SIiZE DISTRIBUTION TEST REPORT

SUELOS INC.

BQRING CB-SAL-2
SAMPLE No.5

Figure No. 1
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Test|X+75m X GRAVEL X _SAND | % SILT | % cLay
e[ 2 [ 0.0 36.6 49.5 33.9
L P Das Dso Dso Dao Dis Dgo | . Ce Cy
° 12.60 | 3.76 | 4.99 [0.477 [0.0930
MATERIAL DESCRIPTION uscs AASHTO
® SILTY SAND. SOME GRAVEL
Project No .. Remarks:
Project: RIO NIGUA, SALINAS. PUERTC RICO. RIO NIGUA
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4
>

GRAIN SIZE DISTRIBUTION TEST REPORT

:Date: 9-7-1994
I
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. BRAIN SIZE - sm
't X478 % _BRAVEL % SAND ] X SILT | % cLay
o[ [ e.0 8.0 75.3 [ 24.7
L PI Des Dso Dse | Dse Bis Die & Cu
o NP NP 1.88 0.60 8.49 8.223
MATERIAL DESCRIPTION uscs ARSHTO
© SILTY SAND SM A-1—b
Project No.: Remarks:
Project: RIO NIGUR,SALINAS P.R. BORING CB~SAL-3
iC Location: BOR.CB-SAL-3 ,SAMPLE 11

SAMPLE No. 11

GRAIN SIZE DISTRIBUTION TEST REPORT
SUELOS INC.

Figure No.1
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Project No.:

Date: 11-29-94

Project: RIO NIGUA,

SALINAS, PUERTO RICO.
le Location: BORING CB-SAL-4. SAMPLE No. 7

SUELOS INC.

GRAIN SIZE DISTRIBUTION TEST REPORT

Figure No. 1

BORING CB-SAL~4
SAMPLE No.7

268

GRAIN . IZE DISTRIBUTION TEST REPORT
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O 0.0 4.4 55.0 30.6
w PI Ogs Oso Os0 Dag Dss Di0 Ce Cy
0 0.91 | 0.27 | 0.21
MATERIAL DESCRIPTION uscs AASHTO
@® SILTY SAND, SOME GRAVEL . SN
Remarks:
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GRAIN SIZE DISTRIBUTION TEST REPORT

Date: 9-7-1994
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est|%+75. X_SAND = st | % ctay
ol 18 | e.e 47.6 | 13.1
LL r Tas Dso Dse D3o Dis Die Cc Cu
(<} NP NP 14,29 4.%5? 2.69 8.841 [0.2291
MATERIAL DESCRIPTION uscs AASHTO
c SILTY SAND M A-i-a
Project No.: {Remarks:
Project: RIO NIGUR,SALINAS P.R. BORING CB-SAL-5
jic Location: BOR.CB~SAL-35,SAMPLE 10

SAMPLE No. 10

SUELOS INC.

GRAIN SIZE DISTRIBUTION TEST REPORT

Figure No.1
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GRAIN SIZE DISTRIBUTION TEST REPORT
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4 ¢4
oo 4 f4¥fzss 5 & 8 1
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- I
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K @RAIN SIZE - am
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o[m® [ ®.8 29.2 42.5 1 3
w r1 Des Dse Dse Dse s D@ Cc Cu
o NP NP 21.85 9.29 .20 .
]

Date:

9-=7-1994

MATERIAL DESCRIPTION uscs ARSHTO
o SILTY. SaND sM a—4
Project No.: . iRenmarks:
Project: RIO NIGUA:SALINRS P.R. BORING CB-SAL-6
5 Location: BOR.CB-SAL-& »SAMPLE 4 AW No. &

BRAIN SIZE DISTRIBUTION TEST REPORT
SUELOS INC.

Figure No.1
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GRAIN SIZE DISTRIBUTION TEST REPORT

4
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. BRAIN SIZE - me
| Test|%+75.] % emaveL % _SAND | xSy [ % car
o]-7 | 0.0 0.9 S4.? | 44.4

w |- rP Des Deo Dse D3o D15 Die C Cu
o] NP NP 9.67 | ©.41 | 8.11 :
MATERIAL DESCRIPTION ) Uscs AARSHTO
< SILTY SAND SM A-4
iProject No.: Remarks:
[Project: RIO NIGUR,SALINAS P.R. SORING CB-SAL-7
c Location: BOR.CB-SAL-? ,SAMPLE 13 SAMPLE No. 13

Date: $-7-1994
BRAIN SIZE DISTRIBUTION TEST REPORT
SUELQS INC. Figure No.1l
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GRAIN SIZE DISTRIBUTION TEST REPORT
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o0 &+ 24:disss o 3 8 %3
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ol 17 | 8.® 22.7 S2.1 | 25.2
) L rI Dgs 1) Dse Dso his Dg | - & Cu
ol WP W | 11.89 | 1.36 | 0.74 | 8.129
MATERIAL DESCRIPTION USCS |  ARSHTD
= SILTY SAND £ i A-i-b
%
Project No.: iRemarks:d
Project: RIO NIGUA,SALINAS P.R. BORING CB-SAL-8
| Location: BOR.CB-SAL~8,SAMPLE 5 SAMPLE No. S

Date: $-7-1994
BRAIN $12E DISTRIBUTION TEST REPORT
SUELDS INC. Figure No.1
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GRAIN SIZE DISTRIBUTION TEST REPORT
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| | L PI s Dso Dsp D30 Nis he S Cu
o]~ NP 4.52 | 6.26 | 6.22 | ©.180

MATERIAL DESCRIPTION uscs AASHTO
[2 SILTY sanD ] 24
Project Mo.: |Renarks:
Project: RIO NIGUR,SALINRS P.R. BORING CB~8AL-10
o Location: BOR.CB-SAL-18,SAMPLE & SAMPLE No. 6
Date: 9-7-1994

GRAIN SIZE DISTRIBUTION TEST REPORT
SUEL.OS INC. Figure No.1
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4 4

GRAIN SIZE DISTRIBUTION TEST REPORT
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1< F1 Dgs Dso Dso D3o s | Die Cc Cu
o] NP NP 2.37 | 0.96 | 0.76 | ©.475 |©,1051 |0.0926 | 2.53 | 1@.4
H
MATERIAL DESCRIPTION uscs HASHTO
= WELL GRADED SAND. SW A-1-b
Project No.: Remarks: )
Project: RIO NIBUAR,SALINAS P.R. BORING CB-SAL-9
~ Location: BOR.CB-SAL-9 ,SAMPLE 11 SAMPLE No. 11

Date: 9-7-19%4

SRAIN SIZE DISTRIBUTION TEST REPORT

SUELOS INC.

Figure No.1
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BRAIN SIZE DISTRIBUTION TEST REPORT
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L P1 Igs Dso Dse D3o s e T & Cu

ol _e4 18 | 1.12 | 0.20 | ©.14
MATERIAL DESCRIRTION uscs AASHTD
< CLAYEY SAND sC A=7-6C4)
Project No.: Remarks:
Project: RIO HIGUR,SALINAS P.R. BORING CB-SAL-T1
5 Location: BOR.CB-SAL-11,SAMPLE 7 SAMPLE No. 7
iDate: 9-7-1994 .
GRAIN SIZE DISTRIBUTION TEST REPORT
SUELOS INC. Figure No.2
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LIQUID AND PLASTIC LIMITS TEST REPORT

CH or OH /
cLoor OL : /

8
A\

PLASTICITY INDEX
¢

20 Z]
HATCHED /
AREA 18
- m-CL /
L LLL L, M oor oL Wi oor OH
° -
' 10 20 38 40 S0 66 78 0 % 100
LIGUID LIMIT .
| Location + Descristion LL [P | P |-200] USCS ARSHTO
@ DOR.CB-SAL-11,SAMPLE 7
CLAYEY SaND 4e | 26 | 18 |a0.5| sC A-7-6¢4>
Project Neo.: [Remarks:
Project: RIO NIGUR BORING CB-SAL-11
SAMPLE No. 7
Client: USACE
Location: SALINGS P.R. B
Date: 9-7-1994
LIQUID AND PLASTIC LIMITS TEST REPORT
SUELOS INC. Fig. No. 1
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GRAIN SIZE DISTRIBUTION TEST REPORT

£ 44
S 3 H 3

172 tn.

§

f £ 4

PERCENT FINER
8 & 8 8 8 3 8 3

200 120 1.8 0.1 e.e1 . 901
GRAIN SIZE - wm '

t| %475 X _SAND [ xsenr [ % cLay
5.7 | 25.8

LL P1 Des Do Dso Psa s Die C Cu
o[ we NP 1.36 | ©.57 | 0.45 | 0.167
MATERIAL DESCRIPTION uscs AASHTD
o SILTY SaAND SH )
Project No.: Remarks:
Project: RID NIGUA,SALINRS P.R. BORING CB-SAL-12
ic Location: BOR.CB-SAL-12,SAMPLE S u;éuns

Date: $9-7-19%94
BRAIN SIZE DISTRIBUTION TEST REPORT
SUELOS INC. Fisure No.1
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BRAIN SIZE DISTRIBUTION TEST REPORT

SUELOS INC.
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o] 14 [ &.@ 1.7 26.4 21.9
w PI les Dso Dse P30 s Die Ce Cu
o] NP NP | 235.71 | 9.44 | S.37 | ©.347
MATER1AL DESCRIPTION uscs ARSHTO
= SILTY BRAVEL 2] A-1-b
Project No.: Remarks:
Project: RIO NIGUA,SALINAS P.R. BORING CB-SAL-13
{c Location: BOR.CB-SAL-13,SAMPLE 4 -
SAMPLE No. 4
Date: 7-7-1994
{ BRAIN SIZE DISTRIBUTION TEST REPORT

JFigure No.i
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SRAIN SIZE DISTRIBUTION TEST REPORT
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. GRAIN SIZE - mm
ast{Xe?5.] % erAvEL X SAND ] _xsnr [x cLav
o[43 [ 8.0 17.2 72.1 | 10.7
L P1 Yes Dso Dsg his Die S Cu
o] W NP 5.56 | 1.43 | 0.97 | 0.442 |@.1622
MATERIAL DESCRIPTION uscs AASHTO
= PODRLY BRADED SILTY sad SP-8M- I
Project No.: . Remarks:
Project: RIO NIGUA,SALINAS P.R. BORING CB-SAL-14
jc Location: BOR.CB-SAL-14,SAMPLE 11 4;I;ENO.11
Date: $-P-1994
GRAIN SIZE DISTRIBUTION TEST REPORT
SUELOS INC. Figure Ho.1
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6RAIN SIZE DISTRIBUTION TEST REPORT

RIC NIBUA,SALINAS P.R.
POR.CB~SAL-15, SAMPLE €

Project:
> Location:

[Date: 9-7-1994

SUELOS INC.

BRAIN SIZE DISTRIBUTION TEST REPORT
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| [Test X_SAND [ zsnrv [ %2 cLay
o] 11 66.0 | 8.7
[ PI Des Dsp Dse D3o s Dig Cc Cu
ol ~NP 3 7.24 | 2.29 | 1.29 | 8.446 |@8.1993 |8.1215 | ©.72 | 18.8
MATERIAL DESCRIPTION uscs RASHTO ]
<= POORLY GRADED SILTY SAND. SP-SM a-1-b !
Project No.: Remarks:

BORING CB-SAL-15

SAMPLE No. 8

Fisure No.1i
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GRAIN SIZE DISTRIBUTION TEST REPORT
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| Test{x+75.] % BRAVEL % _SAND ] X SILY | % cLay
o[ .4 | e.@ 28.2 38, 9 | 35.9
L PI Des Dso Dse D3e Dis Die Cc Cu
o] NF NP 8.13 | 2.89 | 1.82
MATERIAL DESCRIPTION uscs AASHTO
2 SILTY SAND - sM A4
Project No.: Remarks:
Project: RIO NIBUA,SALINAS P.R. BORING CB-5AL-16
C Location: BOR.CB-SAL~16,SAMPLE S SAMPLE No. §

Date: $=7-1994
GRAIN SIZE DISTRIBUTION TEST REPORT
SUELOS INC. Figure No.1
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GRAIN SIZE DISTRIBUTION TEST REPORT
<
¢ 4¢3 2888 .

120 =~ = -3 % z 3 3
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o NG
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1ol
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BRAIN SIZE - mm

- A+ 7D % % I % SILT 1T % CLAY
IR A ] b A A i {C7L ——

[VE (2] s Dse Dsg D3o D15 Die [ Cu
of NP > 15.65 | 1.70 | 0.95 | 0.3599

MATERIAL DESCRIPTION USCS AASHTOD
© SILTY SAND SH
Project No.: fRemarks:
Project: RIDO NIGUA PROJECT. SALINAS. PUERTO RICO |poring CE-COC-1
o Location: CB-COC-1 SAMPLE # 1 SAMPLE NO. 3
Date: $-24-94
BRAIN SI12E DISTRIBUTION TEST REPORT
SUELOS INC. Figure No.1
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GRAIN SIZE DISTRIBUTION TEST REPORT
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i WATERIAL DESCRIPTION =3 BASHTO
G SILTY SAND , M
IProject No.: jRemarks:
jProject: RIO NIBUA SALINAS, PUERTD RICO BORING CB-COC-1
jo Location: . BORING CB-COC-1 SAMPLE # 13 SAMPLE NO. 13
: -
Date: 9~24-94
: BRAIN SIZE DISTRIBUTION TEST REPORT .
: SUELOS INC. Figure No.1
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GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTIDN USCS ARSHTO

© SIL ’ — oM

Project No.: Remarks:

Project: RIO NIBUA PROJECT, SALINAS, PUERTO RICO BORING CB-COC-2

o Location: BORING CB-COC-2 SAMPLES S SAMPLE NO. 3

Date: 9-24-94 ’

BRAIN SIZE DISTRIBUTION TEST REPORT

SUELOS INC. ~_iFisure No.1

284



296

1.0 e.
BRAIN SIZE — wm

8.001

— “egos

| % SILT [z cLay
| 9.8 - -

1

LL PI Des e Dse Dze Dis Do S | Cu
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—rrr———— 4
MATERIAL DESCRIPTION uscs . AASHTO j
= WELL BRADED SILTv SAND Sli-sm 1

Project No.:
LProject: RIO NIGUA SALINAS. PUERTD RICO
> Location: BORING CB-COC-4 SAMPLE # 4

Date: 9-24-94

BORING CB-COC-4
SAMPLE NO. 4

BRAIN SIZE DISTRIBUTION TEST REPORT
SUELOS INC.

Figure No.1
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GRAIN SIZE DISTRIBUTION TEST REPORT
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LIQUID AND PLASTIC LIMITS TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZ2E DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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N SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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PROCTOR TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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PROCTOR TEST REPORT
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GRF‘I}N SIZE DISTRIBUTION TEST REPORT
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PROCTOR TEST REPORT
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FEASIBILITY REPORT
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Appendix C
Design and Cost Estimates

A.  INTRODUCTION

1. Geperal. This Appendix presents a discussion of applicable
design coneiderations and construction methods utilized to
establish a basis for the cost estimates. General requirements
for real estate and operation and maintenance are also presented.

B.  DESIGN AND CONSTRUCTION

2. Chanpels. The existing river channel would be reestablished
in some areas where the proposed levee construction would
encroach on the channel cross section and impact conveyance.
However, no new channel improvements would be implemented.

3. Leveesg. Three levee segments would be constructed along the
Rio Nigua floodplain to provide SPF flood protection to the town
of Salinas and the communities of Playa de Salinas and Coco.
Conventional earth handling equipment would be used to construct
the levees. Construction material would be obtained from the
adjacent river channel and from the designated borrow area. A
geotechnical discussion of the suitability of materials is
provided in Appendix B. The levee would be constructed to
satisfy the hydraulic requirements presented in Appendix A and
would have a minimum crest width of 3.0 meters with side slopes
of 1 vertical on 2.5 horizontal (1V:2.SH}. Typical sections of
the levee adjacent to the communities of Salinas and Coco are
provided on Plates C-1 and C-2. Materials removed from the
project area (including debris), which are unsuitable for levee
construction, would be hauled to the designated off-site
disposal area.

4. . Culverts would be placed
through the levee at three different locations within the project
area in order to provide for interior drainage. The first
culvert structure would be located north of the railroad tracks
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at approximately Station 10400, the second would be located north
of the PR Highway 1 bridge at about Station 13+00, and the third
would be located about 788 meters south of the PR Highway 52
bridge at Station 21+475. All culvert structures would consist of
a required number of 5-foot diameter corrugated metal pipe (CMP)
with flap gates. For all culVvert structures, riprap and bedding
stone would be placed along the upstream and downstream face of
the levee embankment and for about 3 meters along the approach
channel and 6 meters along the discharge channel. A culvert
design table is provided in Appendix A.

5. . Grassing and gabion bank protection would
be provided along areas of the levee alignments where erosive
velocities are predicted. The primary use of erosion protection
would be along the floodside levee side slope. Riprap would be
utilized as standard practice in protecting the intake and
discharge areas for the proposed culvert drainage structures.

6. Borxow and Disposal Areas.

a. Borrow Area. The approximately 50 acre area located on
the Camp Santiago United States Military Reservation is proposed
as the project borrow area. The site is located adjacent to PR
Highway 154 approximately S5 kilometers north of the intersection
of PR Highway 52. A detailed geotechnical discussion of the
materials within the borrow area is provided in Appendix B. The
location of the borrow area is shown on Plate B-4 in Appendix B.

b. Dispomsal Area. A designated disposal area, approximately
25 acres in size, is located west of the project just south of PR
Highway 52. All debris and unsuitable material from
construction of the project features would be placed in the
disposal area. The location of the disposal area is shown on
Plate B-4 in Appendix B.

C.  RELOCATIONS

7. General. The project sponsor would be required to assume the
costs for all relocations and alterations. These costs are based
on the general alinements shown in the main report. Final

308



320

alinements would be determined upon completion of detailed
topographic surveys and would be adjusted as necessary to
minimize impacts on existing structures and utilities. The

x ded plan pr ted in this report would require
replacement of one existing bridge and some road relocation as
discussed in the following paragraphs. All relocation of
utilities, electric transmission lines, or telephone lines would
be the responsibility of the project sponsor.

8. Highway Bridges. For the recommended plan, the bridge on PR
Highway 1 would require replacement. The existing bridge has 2
lanes and is approximately 55 meters(180 ft.) long and 7.5 meters
(24 ft.) wide. The replacement bridge would be about 75 meters
(250 ft.) long and 12 meters(39 ft.) wide. A temporary detour
would be required to maintain traffic flow across the Rio Nigua.
A Bailey Bridge or similar structure would be constructed north
of the existing bridge. The estimated cost of the replacement
bridge, including the costs for bridge approaches, pavement,
guardrail, construction and removal of temporary bridge, removal
of existing bridge, and traffic control are provided in Table C-1
of this appendix.

9. Railroad Bridges. The railroad bridge which crosses the Rio
Nigua downstream of PR Highway 1 is abandoned and would be
removed as part of this project.

10. Road Relocations, Some road relocation would be required
in conjunction with the bridge replacement on PR Highway 1, and
two ramps would be required where the proposed levee crosses an
existing roadway. One ramp would be required for the unpaved
road south of the railroad, and another would be required where
the levee crosses PR Highway 1 upstream of the PR Highway 52
bridge. Also, an unpaved access road would be provided along the
west side of the river bank from PR Highway 1 to an existing road
located past the Quebrada Honda. No other road relocations are
anticipated.

11. PRuildings. Improvement in conjunction with the PR Highway 1
bridge replacement would require acquisition of the Radio Station
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and the Service Station (gas station) located on the southeast
bank of bridge crossing.

12. [Otilitieg. Water lines, electric power lines, and telephone
lines would require relocation. The costs for relocation of
these utilities are included in the cost estimate.

D.  OPERATIONS AND MAINTENANCE

13. @General. The project sponsor would be responsible for
operation and maintenance of the improvements and features
proposed in this report upon completion of the construction

project. The Contractor would be responsible for all maintenance
during the construction contract.

14. Inspection. Joint field inspections with personnel from
the U.S. Army Corps of Engineers and the local sponsor would be
conducted on a regular basis to evaluate the performance and
condition of the various project features. Additional field
inspections would be conducted following a significant storm
event. A discussion of the data collection and inspection
requirements is presented in Appendix A, Paragraph V.E.6.

15. Estimated Annual Costs. The estimated annual operation and
maintenance cost for the project is $45,500 for Salinas/Playa and
$20,500 for Coco. These costs are based on removing accumulated
debris and sediment from the channel and replacing or repairing
the gabion bank protection on an annual basis or as required
after a significant storm event. Levee maintenance also would
consist of periodic mowing and erosion repair.

16. QO&M Mapual. Operation and maintenance of the project
facilities would be performed in accordance with instructions
prepared and incorporated in the "Operation and Maintenance
Manual® which would be furnished to the project sponsor. The O&M
Manual would be prepared in accordance with ER 1110-2-401.
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E. CQOST ESTIMATES

17. General. The estimates of first cost for construction of
the recommended plan were prepared using M-CACES software and are
presented in Table C-1 for the Salinas/Playa segment and in
Table C-2 for the Coco segment. Also, the cost of the non-
construction features of the project is included. Each segment
includes a narrative, a summary cost, and a detailed cost showing
quantity, unit cost, and the amount for contingencies for each
cost item.

The cost estimates are prepared for an effective date of August
1996.
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PROJECT NIGUID:  R10 WIGUA - SALINAS/PLAYA - Mithout Ploodway INprovements
RECOMMENDED PLAN

324

T 13:49:07

TITILE PAGE

LABOR ID: PRLEDZ

‘The recommended plan for the lowsr reach of the project consists of a levee
from PR-§2 Expressway to the ocean along the esst banks of Rio Wigua.

1n order to reduct real estate impicts, two leves sections were realigned
into the existing river channel. Consaquantly, the river would be widen to
axisting conditions along the leves section, but this s not & floodway
improvement. The floodside of this leves will be lined with 6° and 9 thick
gabion mattresses to protect it from high velocity flows.

A Spur levee will be constructed from a resp of PR-52 Bxpresewsy to M-52
Bxpressway ewbankment. This levee vill be protected wicth 9° thick gabion
wttresses ageinst high velocity flows. A road resp an FR-3 My to Cross over
the Spur levee will be comstructed. Also 12° thick gabions will be installed
to protect the Rast abutment of PR-52 Bridge from erceicn.

Interier 2 with will be located
at three different locatioma under the proposed leves.

PR-1 Bwy bridge will be replaced and an abendoned railroed bridge will be
Temoved. Alsc an unpaved access roed will be constructed.

Pill material for levess will be wed from project excevations as s primary
msourcs. to 95¢ of the material
from the river channel will be suitabla to use for the levess. A seccnd source
to cbtain fill material will be required beceuse the chanmel excevetions will
not suffice tha leves £il1 requiremants. A DOITow area loosted in Cemp
Sentiago at apprem 7.5 MMs (¢.7 i) will be used. Aocording to geotschniocal

5% of the saterial from the borrow ares will be
suitable to comstruct the levees.

A Disposal Ares was identified within 2 WX {1.25 miles} of the project.

To make room for the MR-1 Nwy Bridge replacamsnt, a radic etation at this
vieinity would require sdquisition. A gas staticn, currently under cperations,
which is also at this is being for e

we are not certain at this momant. A fisld inspection was parformed and it
was concluded the USTs are not likely to be a soil contemination probles.
However, if it turns out that relocation of the gyas station is necessary,
enough money was included in the cost estimate to cowver for relocation

of the structure (including USTs) and removal of cootaminated msoil if amy.

Also water supply lines (2° and 4%), a 30" Dia. Siphon, power lines and
telephone lines will be required to be relocated.

Contingencies were included in the smount of 20% of the construction cost to
cover ies and/or
EQUIP 1D: RG1192 Currency in DOLLARS CREW ID: PRCR92
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Wed 84 Sep 19% TINE 13:49:07

Rff. Date 080/27/96
SIORY PAGE 1

QUANTITY (XM  CONTRACT CONTINGM TOTAL COST  UMIT

A COMSTRUCTION PRATURES

A_02 EELOCATICONS 2,186,900 437,400 2,624,300
A_SY CONELE 2D CNOLE $27,800 105,500 631,000
A_11 LEVESS NID FLOODMALLE 7.:432,900 486,600 2,919,400
TUTAL CORSTRUCTION FEATURES $,147,300 1,029,500 6,176,700

B_01 IAMDE AND DNAGRS 1,915,700 479,000 2,354,500

3_18 COLTURAL RESCURCE PRESERVATION 54,800 5,500 0,000

B_30 FLARING, ENGINEERING AND DESTGN 477,000 119,300 $96,300

B_31 COMSTRUCTION MANAGRMENT $24,000 131,000 655,000

TOTAL NON-CORSTROCTION FERTUNES 2,971,200 734,600 3,705,800

TOTAL RIO MIGRH - SALINAS/PLAYA 8,110,580 1,764,000 3,082,500
LABOR ID: PRLADE® EQUIP ID: RGI192 Qurrency in DOLLARS CREW ID: PRCNSZ  UPS ID: PRO®2B
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Wod 04 Sep 1996

Bff. Date 08/27/96 PROJECT NIGUID:

U.S. Army Corps of FEngineers

** PROJECT OMWER SUMMARY - ltem (Rounded to 100's) **

RIO MIGUA - SALIMAS/PLAYA - Mithout Floodwsy lmprovements

326

TIME 13:49:07

SUMMARY PAGE 2

QUANTITY UOM CONTRACT CONTINGK TOTAL COST T
A COMSTRUCTION FEATURES
A_02 RELOCATIONS
2_02.01 Roads, Comstruction Activities
2_02.01.01 Mobiliz, Demobiliz and Prep Moxk
A_03.01.01. 1 wmobiliz, Demcbiliz and Prep Work 1.00 JoB 73,800 14,800 98,500 20516
TOTAL Mobiliz. Demobiliz and Prwp Work 73,400 2,500
5.02.01.02 Site Work
2_02.01.02. 1 Tewp. Detour Roads £/PR-1 Bdge.  2000.00 LF 3,000 75,600  37.40
5_02.01.02. 2 12° Th.Gabions- PR-52 Bdge Abut.  1500.00 CY 156,600 197,900 135.2¢
2_02.01.02. 3 Revermant Precection f£/PR-1 Bége 1.00 X8 46,600 46507
A_02.01.02. 4 Conetruct Uipeved Access Roed $083.00 LF 39,300 47,200 .32
TUIAL Site Work 297,600 $3,500 357,100
5_02.01.05 Bridges, Remowal
2_02.01.05. 1 Memove Existing PR-1 vy Bridge  6455.00 5P 79,200 15,800 95,000 14.72
2_02.02.05. 2 Remove Exist. Ford & Dirt Road 1,00 X8 18,300 3.300 18,400 10394
TOTAL Bridges, Removal 94,500 113,400
2_02.01.07 Bridges, New Construction
A_02.01.07. 1 Concrets Bridge ac PR-1 wy 9700.00 8F $9¢,700 118,900 713,700 72.58
A_02.01.07. 2 Temporary Bridge for M-1 Bwy. 4000.00 SF 129,400 2s,%00 155,300 30.82
TOTAL Bridges, New Comstruction 724,200 963,000
A_02.01.19 Construct Rosdbed to Subgrade
A_02.01.19. 1 Rewove Exist Pvmt, PR-3 Rd 3000.00 SY 1,700 10,180 3.25
A_02.01.19. 2 Borrow Material PR-1 Bdge Ramps  23000.00 CY 29,800 178,600 7.7
A_02.01.19. 3 Remove Exist Pvmt, PR-504 Rd $00.00 SY 300 1,700 3.35
A_02.01.1%. 4 Ramp Fill for PR-1 Highway 20000.00 CY 18,400 110,600 5.83
A_02.01.15. 5 Road Rawp for the 60 AcTe Parcel 3000.00 CY 13,800 2,800 16,600 5.83

TOTAL Construct Roadbed to Subgrade

LABOR ID: PRLBDE  EQUIP ID: RG1152

Currency in DOLLARS

315

CREW 1D: PRCRS2

317,500

UPB ID: PRO92B
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Mad 04 Sep 1996 U.5. ArWY Corps of Engineers TDE 13:49:07
BEf. Date 08/27/96 PROJECT NIGKGD:  RIO NIOUR - SALUOS/pLava - without Floodwsy Isprovemmts
RECONENCRD PN FMNORY PGE

** FROJECT OWMER SUMORY - Item (Rounded to 100°s) **

QUANTITY UM CONTRACT CONTINGN TOTAL COST T

A_02.01.39 Road Surfacing

A_02.01.3%. 1 Bit.Pavemsnt for MK-1 Rd (Bdge}  4960.00 TOW 208,400 41,100 246,800 45.69

A_02.01.39. 2 Base Course Mat.for FR-1 Rd(Bdg)  3080.00 CY 59,800 7,700 23.29
A_02.01.3%. 3 Nev Pvmt & Base £/FR-1 Nwy Resp  $000.00 Y 165,600 190,000 2485
TODAL Noed Surtacing 430,800 6,200 517,000

A_02.01.9% Aesocisted Genersl Items

A_02.01.99. 1 Quaxdrail 2624.00 ¥ 4,300 10,900 65,300 24.08
A_02.01.99. 2 Trility Aslocatien 1.00 XB 13,%0 4,000 23,900 23918
TUIAL Associsted Guasral Items 74,300 14,900 9,100
TUTAL Roads, Comstruction Activitiss 1,959,700 391,900 3,351,600

A _02.62 Rallrosds, Qomstr. Activities
A_02.02.01 Mobilis, Demobilis and Prep Wark

A _62.02.01. 1 Wabdlis, Demobilis and Prep Nock 1.00 X8 2,800 600 3,400 3426.40

TOTAL Mubiliz, Demobilis and Prep Work 2,800 600 3,400

A_02.02.08 Bridges, Foundatioms

A_02.02.08. 1 Railroed Sridge Aemowvel 1.00 XB 24,900 3,000 17,900 17058
TOTAL Sridges, Poundations 4,900 1,000 17,900
TOTAL Railroeds, Constr. Activizies 17,700 3,500 21,300

A_02.03 Cemsteries, Dtilities amd Struct
A_02.03.01 Mobiliz, Demcbili: and Prep Work

A_02.03.01. 1 Mobiliz, Demobiliz and Prep Work 1.00 X8 11,600 2,300 14,000 139%

TOTAL Mobiliz, Demobiliz and Prep Work 11,600 2,300 14,000

3.02.03.02 Deilities

A_02.03.02. 1 2* and 4* Mater Lines. by PRASA 1.00 08 10,700 2.100 12,900 12089
A_02.03.02. 2 30" Dia Siphon. irrig, by FREPA 1.00 Joe 32,100 6.400 38,600 ST
A_02.03.62. 3 Electric Power Lines. by PREPA 1.00 Jo8 $3.600 10,700 64,300 4297
LABOR ID: PRLEDE EQUIP ID: RG1152 Qurrency in DOLLARS CREN ID: PRCRS2  UPP 1D: PROIA
o
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Wed 04 Sep 199
Eff. Date 08/27/%6

328

U.5. Army Corps of Enginers TINE 13:43.07
PROJECT NIOUID:  RI0 WIGUA - SALDRAS/PLAYA - Without Ploodwey Isprovements
RECOMMENDED PLAN SUMMARY PAGE 4

©* PROJECT OMMER SUMRY - Item (Rounded to 100°s) **

CUARTITY Uos CUNTRACT CONTINGN TOTAL OOST WNIT

LABOR ID: PRLEDE

A_02.03.02. 4 Telephome Lines. by PRIC 1.00 JoB 16,300 3,200 19,300 13209

TOTAL Teilities 112,500 22,500 135,000

A_02.03.03 Structures

A_02.03.03. 1 Radic Station, excluding antenna 1.00 J08 20,100 4,000 24,200 24070

A,_02.03.03. 2 Gas Stacion, including UST 1.00 JoB 65,200 13,000 78,300 78267
TOTAL Structures 45,300 17,100 102,300
TOTAL Cometeries, Utilities and Struct 209,400 41,900 253,300
TOTAL RELOCATIONS 2,386,900 437,400 2,624,300

A_09 CHNMELS ND CANALS
A_09.01 Charmals
2.09.01.01 Mobiliz, Demchiliz and Prep Mork

A0S 01. 1 Mobilis, Demcbiliz and Prep Work 1.00 X8 20,700 4,100 24,800 24047

TOTAL Mobiliz, Demcbiliz and Prep Work 20,700 4,100 24,800

A_09.01.31 Earthwork

A_09.01.31. 1 Clearing and Grubbing $8.00 ACR 52,500 10,500 63,000 1087.04
A_09.01.31. 2 Channel Bxxav/Disp (Realinement) 126200.00 BCY 454,300 20,900 545,200 4.35

TOTAL Earthwork 506,800 101,400 00,200
TOTAL Channels $27,500 105,500 €33, 000
TOTAL CHARNELS ARD CANALS 527,500 105,500 633,000

A_11 LEVEES AXD FLOODMALLS
A_11.01 Levees

A_11.01.01 Mobiliz, Demobiliz and Prep Work

A_11.01.01. 1 Mobiliz, Demobiliz and Prep Work 1.00 Jo8 78,900 15,800 94,700 94728
TOTAL Mobiliz, Demobiliz and Prep Work 78,900 15,800 94,700
BOUIP ID: RG1192 Currency in DOLLARS CREW ID: PRCRSZ UPE ID: PRO92B
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Wod 04 Sep 1996 U.§. Arwy Qarpe of Engiseers
REf. Date 00/27/%6 FROTECT NIGID: R3O MIGUR - SALINAE/PLAYA - Withouwe Floodway Isprovemsnts
RECSEEED LA

329

TINE 12:49:07

SOORY PGE s

CUMITITY OOM  CONTRACT CONTIMGM TOTAL COST  (MIT
A_31.01.02 Drainage
02. 1 Culvert 1, 1-60° Dis O, w/IG 1.00 21,900 400 26,300 26178
A_21.01.02. 2 Culwert 2, 2-60° Dia O, w/2G 1.00 XB 44,400 8,900 $3,300  s3322
A_31.01.02. 3 Calwert 3, 1-60° Dia O, w/FG 1.00 8 28,500 5,700 3.200 34226
TOTAL Drainaye 94,900 19,000 113,800
A_11.€1.31 Rarchwock
A.11.01.31. 1 Clearing amd Grubbisg 33.00 AR 2,500 5,700 34,3200 155291
A_11.01.33. 2 Main Leves Pill, £/Chemnel Bwc  138900.00 CCY 180,000 36,000 216,000  1.82
2_11.01.31. 3 Main levee Pill, from B/A 132200.00 CCY 647,900 129,600 777,500  S.88
A_11.01.31. 4 Spux Leves Pill, from WA 29200.00 COY 95,100 15,000 224,100 $.%¢
TOTAL Rarthwoek 951,400 190,300 1,141,760
A_11.01.86 Gsbion Slope Protection
A_11.01.86. 1 6° Th.Gabion Mettr.-fxa.l to 26  $390.00 CY 632,600 266,500 999,100
A_11.01.06. 2 9° Th.Gabion Mettr. #ta.26 to 30  2670.00 CY 245,800 43,300 234,900 142.48
A_11.01.06. 3 9° Th.Gabicn Mectr. Spur leves  1330.00 CY 229,300 45,300 375,200 142.57
TOTA. Gebion Slope Protection 2,307,790 261,500 1,865,200
TOTAL Levess 2,432,900 406,600 3,919,400
TOTAL LEVERS ARD FLOCDWALLS 2,432,900 406,600 2.919,400
TOTAL COMSTROCTION FPEXTURES $.147.300 1,029,500 6,376,700
B PON-CONSTRUCTION PEATURES
B_01 LANDS AND DNGRS
9_01.AA Project Planmning 16,008 4,000 20,000
TOYAL Project Planning 16,000 4,000 20,000
B_01.B- Acquisitions
243,000 60,700 303,700
98,000 24.500 122,500
M1, 000 85,200 426,200

LASOR ID: PRLEDS EQUIP ID: RG1192 Currency in DOLLARS
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Wed B4 Sep 19%¢ U.3. Arwy Corpe of Engineers TIME 13:49:07
REZ. Date 06/27/96 PROJRCT WIGEID:  RIO NIGUA - SALDENS/PLAYA - Without Ploodwsy lmprovemencs
RECONDUED PLAN SIMORY AGZ ¢

** PROJECT CMUER SIDOGRY - Item (Rounded to 100°8) **

B_01.C- Comdemmations

B_01.C-.20 By loocal Spcmsor {18) 60,000 18,000 75,000
B_01.C-.40 Raviev of 1S 15,000 3,70 18,700
TOTAL Comdemmaticne 75,008 18,700 93,700

5_01.3- Appeaisals

3_01.E-.30 By local Sponsor (18) 148,000 36.200 183,200
JE-.580 Review of 18 72,300 19,100 90,600
TOTAL Jppraisals 7,500 54,400 am,see

B_01.7- PL 91646 Aesistance

5_01.P-.20 By Local Spomscr (L) 3,00 9,200 46,200
»0.r- Review of LS 18,500 4,680 23.100
TOTAL PL 91-546 Aesistance 55,500 13,900 69,400

$_01.0- Temp Pesmits/Licemses/ MOB

5_01.G-.20 By Locsl Spemser (18} 2,300 00 2,900
B_01.6-.40 Peview of L5 1,200 300 1,500
B_01.G-.60 Dumage Claims 1.300 300 1,600
TOIAL Temp Permits/Licmasas/ N 4,500 3,300 6,000
B_01.N- Project Adai.-R.X. Review of FCA 2,000 00 2,500
D_01.R- Neal Estata Suymmts
B_01.R-.10 Land Peymsnts- By lLooal Sponsor 863,900 215,900 1,079,800
1.R-.20 PL 91-646 Assist.Peymancs-Ry LS 340,000 95,000 425,000
TOTAL Real Rytate Paymants 1,203,900 300,900 1,504,800
TOUTAL LAMDE AD DWGAGES 1.915,700  479.000 2,3%4,500
3_1¢ CULTURAL RESOURCE PRESERVATION $4,500 5.500 60,000
B_30 FPLANNING, ENGINEERING AND DESIGN 477,000 119,300 $96,300
31 CORSTRUCTION MANAGRMENT 524,000 131,000 655,000
TOTAL MON-COMSTROCTION FPEATURES 2,971,200 734,600 1,705,800

TOTAL RIO NIGUA - SALINAS/PLAYA 9,118,500 1,764,000 3,882,500

LABOR ID: PRIAD® EOUIP 1D: RG1132 Currency in DOLLARS CREW ID: PRCRS2 UPB ID: FROZB
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Wod 04 Sep 19% . U.S. Ay Corps of Dwgineers TIME 1):44:45
SLL. Dete 98/27/9%6 PROJECT WIOOOC: 230 WIGR - COOD COMMUMTTTY - Salinas, Pusrto Rico
RECOMENOED PV TIME MGE

Desigmed By: Jecksomville Discrict
Estimaced By: Jax Distriet - W.P.

Prepared By: Jax District - K.2.

Preparation Date: 08/X7/%6
Effective Dace of Pricing: $8/21/9%6
Bt Constrwction Tims: M0 Deys

Sales Tax: .00

®mIKCES GOLD EDITION
Zomgaesr Z3LD Softuare Copyright IS} 1985-1984
by Building Systems Design. Inc
Release $.30A

LABOR IT: PRLEDS  EOQUIP ID: RG1182 Currency 1n DOLLARS CRES ID. PRCRS2  UP3 ID: PRISIE
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Wod 04 Sep 1956
BIL. Date 08/27/9¢
MOTBCT WOTRS

U.S. Arwy Cocpe of Enginests
PRQIECT MIOCOC:  RIO MIGUA - COCO COMMUNITTY - Salinas, Puerto Rico
RECSEERD PLAN

332

TIME 13:44:45

TITLE MGE 2

ABOR ID: PRLEDE  EQUIP ID: RG1192 Currency in DOLLARS

Toe recommended plan £or this segwant of Ric Migus at Balines comsists of a
Jeves that would provide protection to the commmity of Coco.

The leves would begin on the west wide of Fi-1 &t a groumd elevation of $0
maters WD just morth of the commanity of Coco. The levee will run scuthward
paralleling PR-1, extendimg for a total lemgth of 3,930 IM (2.44 miles).

The levee will be protected with grassing all the way along its legth.

Fill matarial for levess will be used from a Borrow Area, loceted at Camp

Sancisgo at 7.5 Mms (4.7 miles), since the excavated msterial from project

excavations will be used for tha lower rsach (Town and Plays of Salines). An

85% of Borrow Ares excavations is suitable to use for the leves esbankmant
to

Cootingencies are included in the swoumt of 30+ of the comstruction cost to
cover and/or

321

CREW ID: PRCR92
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Wod ¢4 Sep 1996 U.§. AT Corps of Bugineers TINE 13144145
2L, Dute 00/27/36 PROJECT WIGCOC:  RIO MIGIR - QXD COMMMITIY - Salimss. Puerto Rico
RECMEDRED LA SNORY K )

** PROJECT OWIER SUPPRRY - pageure (Rounded to 100°s) **

A1l levess and Floodwalls 1,795,500 352,100 2,164,600

‘TOTAL CONSTRUCTION FEATURES 1,795,800 359,100 2,184,600

17,500 44,400 222,900
180,000 36,000 216,000
194,000 39,4600 237,600

TOTAL MON-COMSTRUCTION FEATURES $56,500 130,000 €76,.800
TOTAL RIO NIGUR - COCO OOMEMITTY 2,352,000 479,100 2,831,100
LABOR ID: FRLADE BQUIP ID: RG1132 Currency in DOLLARS CREW ID: PRCAS2 UPS ID: PROS2B
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Wed 04 Sep 1996
B21. Dace 00/27/9¢

U.5. Arwy Corps of Bnginsers

FROJECT MTOOC:  RI0 WIGKA - COCO COMMMITTY - Salimas, Puerto Rico

RECHIEDICED PLAN
<+ PROJECT CAMGER SUMWARY - Iteam {Rownded to 100°s) **

334

THE 13:44:45

SENRY PAGE 2

CURNTTTY UM CONTRACT CONTDKE TOTAL COST T

LABOR ID: PRLEDE ZQUIP ID: RG1192

A CORSTRUCTION FEATURES

A_11 levess and Ploodwalls

Aa

Levess

A21.01.01 Mobilis, Demobiliz end Prep Work

A_11.01.01. 1 Mobiliz, Demobiliz amd Prep Work 1.80 JOB $1,800

10,400

62,100 8206

TOTAL Mobilix, Demobilis end Prep Wowk $1,800

A_11.01.31 Bartiwork

€2,300

A_21.01.31. 1 Clearing and Grubhing 37.00 AR 33,000 €.600 39,600 107151
A_11.01.31. 3 lewee Pil), from Soryow Ares 350000.00 CTY 1,655,800 331,200 1.907,000 S.68
TOTAL Earthwork 1,688,900 337,800 3,026,700

A_11.01.99 Assccisted Gmmersl Jtems

A.11.01.95. 1 Slope Protection by Grmseing 25.00 AR 54,900 11,000 65,900 100171
TOTAL Associasted Qemeral Itsws N 54,900 11,008 5,900
TOTAL Levess 1,795,500 199,100  3,154.60¢
TOTAL Leveas apd Floodwslls 1,795,900 339,160 2,154,600
TOTAL COMSTRUCTION PEATORES 1,995,500  3$9,100 2,184,600

B MON-COMSTRUCTION PEATORES

B_01 LAWDS MO

B_01.AA Project Plamning 4,000 1,000 5,000
TOTAL Project Plamning 4,000 1,000 5.000

®_01.3- Acquisitions

¥_01.3-.20 By Local Sponsor (LS) 12,000 3.000 15,000

B_01.3-.40 Review of LS 4,000 1.000 5.000
TOTAL Acquisitions 16,000 4.000 20. 000

Currency in DOLLARS CXEW ID: PRCRS2 UPS ID: PROS2M
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Wed 04 Sep 1996
BEf. Date ©8/327/%¢

U.$. Aswy Coepe of Engineers

PROJECT WIGQOC:  RIO MIGUR - COCO COMMOWITTY - Salimas, Puerto Rico

RECOMMDEDED PLAM

** PROJECT CUQER STWOORY - Jeem (Ramded to 100°8) **

335

TIME 13:44:45

CUNNTITY UOM  COMTRACT CONTINGM TOTAL COST  OWIT
3_01.C- Condemnaricns
$_01.C-.20 By local Sponsor (LS) ° ° °
9_01.C-.40 Raview of 1§ ° ° °
TOTAL Comdemmacions ° ° [
3_01.3- Jgpraisals
.B-.30 By Local Spomecr (1S} 5,000 1,200 6,200
2,800 €00 3,100
2,500 1,900 9,400
B_01.P- FL 91-646 Assistance
B_01.P-.20 By Local Spomsor (L&) ° ° °
B_01.7-.40 Raviev of L8 ° ° °
TOTAL FL $1-646 Mmsistance ° ° °
‘Tesporary Permits/ Licmees/ NOR
A .G-.20 By Local ._- as) 1,780 400 2,200
5.01.G-.40 Raview of 1S so0 200 1,000
G-.60 Demage Claims 1,700 400 2,100
TOTAL Temporsry Permits/ Licensas/ ROE 4,200 1,000 5,200
B_01.M- Project Admin.- RE Review of PCA ° ° °
5_01.R- Real Estate Puywmats
3_01.R-.18 Land Peyments - By L& 146,800 36,500 103,300
B_01.R-.2B PL 91-646 Assistance Pymts-By LS ) ° °
TOTAL Real Zatate Fayments 146,000 36,500 103,300
TOTAL LAMDS AND DAMAGES 170,500 44,400 - 222,900
B_30 PLANNING, EWGIMEERING AND DESIGN 180,000 36,000 216,000
B_31 CORSTRUCTION MANAGENINT 298,000 39,600 237,600
TOTAL WOM-CONSTRUCTION FEATURES 556,500 120,000 676,500
TOTAL RIO WIGUA - COCO COMMUNITTY 2,352,000 479,100  2.831,100
LABOR ID: PRLBDB  BQUIP ID: RG11S2 Currency in DOLLARS CREW ID: PRCRS2  UPB ID: PROS2B
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DEPARTIENT OF THE ARMY
JACKSOMVILLE DISTRICT, CORPS OF ENMGINEERS
JACKSONVILLE, FLONIDA
GABION MATTRESS THICKNESSES RI0 NICUA AT SALINAS , PUERTO RICO
STA 9400 TO STA 26488 - .15 METERS TYPICA T
STA 26+90 TO STA 29+63 @ PR WMWY 52 - §.23 METERS ' lcaL SEC,lONS
STA 29463 TO $TA 9498 © PR WY 52 - 0.30 METERS STATION 5200 40 sTATION 16+00
STA.8+80 @ PR MUY 52 TO NE CORNER OF ROAD — r—
RAMP - 0,23 METERS pattos l Civdgr\rronegul dy~
ety Wt §0sr600 kst 1eve |
PLATE C-1}
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FLOODSIDE

3m 3m3m;

L

STATION 26+00

FLOODSIDE

i 2.5 3m i
i 5m :J::)TEZK\\\\\3m 3m 3m! |

STATION 8+00

) .
DEPARTMENT OF THE ARMY
JACKSONV ILLE DISTRICT, COMPS OF ENGINEENS
JACKSONVILLE. FLORIDA

RIO HIGUA AT COCO . PUERTO RICO

JYPICAL SECTIONS

STATION 8400 AND STATION 26400

- e
- PR -
emt_an Torrin:_swovss v |

PLATE C-2
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RIO NIGUA AT SALINAS FEASIBILITY REPORT

APPENDIX D
COORDINATION
A. Introduction
The purpose of this appendix is to d the i 1l coordination

process and the public involvement that underlines this feasibility report.
Focus is on the coordination within the District and South Atlantic Division
(SAD), and the meetings for the public participation.

B. Study process

The study was requested by the Puerto Rico Resident Commissioner in
Washington in letter dated June 19, 1985, and it was authorized in October
1986. The Reconnaissance Report was initiated in March 1989 and completed in
March 1990. Enclosed is copy of the reconnaissance report evaluation process.
The feasibility study was developed based on this evaluation process.

A Study Management Team (SMT) was organized with participation from
several technical disciplines within the U.S. Army Corps of Engineer (USACE)
Jacksonville District {i.e. Planning Divisiom, Bngineering Division,
Environmental Branch, and Real Estate Division) . Throughout the study process,
a significant amount of SMT meetings were held to discuss and resolve issues
within the study process. Enclosed is the record of one of these meetings.

Three Technical Review Conferences were held batween the District and SAD
to coordinate study plan formulation and evaluation efforts to assure
completion of a quality feasibility/decision report. Conferences were held on
March 24, 1993, October 18, 1994, and June 1, 1995. Enclosed is information on
these meetings.

€. Community Meetings

Funds to initiate feasibility study were received in March 1992. A
commumity meeting was held on August 11, 1992, in the Municipality of Salinas
Assembly Room to inform about the results of the reconnaissance report and to
initiate study public coordination. The meeting was chaired by representatives
from the USACE and the local sponsor (Department of Natural and Environmental
Resources) .

The study process was concluded with a second community meeting held on
May 23, 1996, to present study results. Like the first one, the wmeeting was
co-chaired between the USACE and the DNER.

Enclosed is ized i ion on the results from these meetings.
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RECONNAISSANCE REPORT
ISSUE RESOLUTION CONFERENCE

CESAJ-P6 August 24, 1990
MEMORANDUM FOR THE RECORD

SUBJECT: Rfo Nigua at Salinas, P. R., Reconnaissance Report Issue Resolution
Conference

1. On 15 August 1990 the Issue Resolution Conference for the Rfo Nigua at
Salinas Reconnaissance Report took place in the Jacksonville District. The
conference was to discuss the report and potential issues that need to be
thoroughly addressed during the feasibility study. Enclosure 1 provides a list
of attendees at the conference.

2. For economic reasons the IRC was held in Jacksonville. It was correctly
assumed that Puerto Rican environmental agencies would not be able to budget for
travel to the states. To comply with recent guidance on interagency coordination
a Tocal pre-IRC meeting was arranged in Puerto Rico. Therefore, on 19 July 1990,
Federal and Commonwealth agencies met in the San Juan Area Office to discuss
environmental issues and concerns associated with the flood control project for
Rio Nigua. Enclosure 2 includes the invitation, mailing 1ist, attendance list,
and susmary of significant comments. Although the USFIMLS was unable to attend
they sent their review comments (see enclosure 3). Both the interagency meeting,
summary and USFSWL letter were presented at the IRC. )

3. It was the general concensus that subject report provides adequate
. justification for proceeding to the feasibility phase. However, both the scope
of work and study cost will have to be revised to reflect IRC comments for the
next phase. A1l comments provided by SAD and OCE prior to the conference will
become part of the study record and will be incorporated, when applicable, into
the feasibility study scope of work.

4. The conference was opened with brief introductory remarks by SAD, OCE, and
District staff. Then Messrs. Roberto Cortés and Edil Rosas gave a summary of
the reconnaissance study and the recommendations.

S. The following comments regarding plan formulation were made:

a. The use of a floodgate, where warning times are short, should not be
considered as part of the flood control project. To this comment the following
was added: The alternative of ramping PR Highway 1 to replace the floocdgate at
this location will be considered in the feasibility phase. However, the
floodgate at the railroad can be kept closed during the critical period of
intensive rainfall (i.e. June - November). The railroad is used by slow moving,
single man-driven engines transporting sugar cane during the months of December
through March. An automated system'should be adequate for this purpose. The
short warning system and the possibility of using a floodgate at the railroad
will be evaluated in detail.

b. The impact on flood stages in the unprotected portion of the flood plain
should be evaluated to assure it will not exceed P. R. Planning Board criteria.
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c. A debris basin should be considered for the flood control alternatives
involving channelization. i

d. A sediment assessment should be performed as part of the feasibility
s;:t:dy ttt: determine the need for sediment traps as part of flood control
alternatives.

e. Since PR Highway 52 will be part of the proposed Corps project, its
structural condition and construction characteristics shouid be evaluated to
determine conformity with Corps standards.

f. A flood warning system should be addressed in the feasibility phase as
part of the flood protection project.

9. A diversion channel starting north from PR Highway 52 and a flood control
dam should be considered in the feasibility phase.

6. The socioeconomic analysis for the next phase should consider the following:

a. Look at potential agricultural benefits from reduced damages to
cultivated farm Tands that would be protected by proposed plans.

b. If high overbank velocity conditions exist, associated structural damages
should be calculated. SAD may be able to provide programs that can svaluate such
damages.

c. Improvements for Salinas and Coco must be developed both as a system and
separately. Each segment must be justified incrementally.

d. The estimated recurrence interval for historic fleods and a breakdown
of damages (bridges, highway, etc.) should be provided if available.

e. Since any new development in flood prone areas should be constructed at
or over the 100-year flood elevation (P. R. Planning Board Tation number 13),
no benefits for reduction in damages to new developments will be considersd for
floods of 100-year events or lass.

f. Business losses should not generally be considersd as NED benefits.

7. The feasibility study scope of work will be revised to refiect the following
comments:

a. A GDM and associated reformulation and Washington Level Review will not
be required. However, a Feature Design Memorandum (FDM) is required. The PMP
will be reviewed to reflect these changes.

b. The scope of H&H work and costs will be revised to include a sediment
assessment.
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c. Surveys will be required above PR Highway 52. The survey scope and cost
estimate will be reviewed to reflect this. .

d. The Real Estate scope and cost estimate will be revised to include
providing preliminary and final Real Estate values, as well as preparation of
the Gross Appraisal.

e. The cost of subsurface investigation will be reviewed. GiM work may need
to include work on PR Highway 52, to help determine if its construction meets
Corps criteria and it can be included as part of the project.

8. Although the sponsor, the Puerto Rico Department of Natural Resources was
unable to attend the IRC they have expressed their strong support for continued
study into the feasibility phase. However, because of severe damages resulting
from Hurricane Hugo’s passage near Fajardo, DNR has elected to fund a 205 study
there as their first priority. They have requested that initiation of the Rio
Nigua study be rescheduled for Fiscal Year 92. This will allow the district
adequate time to revise the Scope of Work, Study cost, and negotiate a FCSA.

Encls. ROBERTO CORTES COLON
1. li;;t of Attendees Chief, Planning Section
2.
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CESAJ-PE August 8, 1990

MEMORANDUM FOR THE RECORD
SUBJECT: Interagency Meeting Rip Nigua at Salinas Reconnaissance Report

1. An interagency meeting to discuss environmental issues and concerns
associated with the Rfo Nigua at Salinas flood control project was held on
19 July 1990 at the Corps office in San Juan. Enclosure 1 provides copy of
letter and addressees,and list of attendees.

2. The purpose of the meeting was to provide a forum to the local and Federal
agencies in Puerto Rico to discuss environmental issues and concerns related to
proposed flood control project for Rio Nigua at Salinas. The meeting was chaired
by Eng. Hilton Miré Detrés, Assistant Secretary for Flood Control Area,
Department of Natural Resources, and the subscriber.

3. Representatives from the P. R. Department of Agriculture, the P. R. Land
Authority, and the P. R. Planning Board were presant. No other agency was
present nor provided an input to the meeting.

4, Jhe following is a susmary of the information and concerns presented at the
meeting:

a. The subscriber gave a brief presentation of the alternatives to be
considered for the feasibility phase.

b. Mr. Saldafia, P. R. Land Authority, expressed the endorsement of the
agency to the flood control project and provided the following information:

(1) The agency has no lands within the project area.

(2) That the agriculture activity in the area is basically concentrated
in vegetables. Therefore, a flood control project will benefit this important
element of the local economy.

c. Mr. Granell, P. R. Department of Agriculture, expressed his concerns
about the impact on the ground water availability.

d. The subscriber explained that the impact on ground water recharge would
be addressed as part of the feasibility study. However, since extraordinary
floods occur probably every 5 to 10 years, ground water yield in the area should
not be closely related to recharge by the Rio Nigua overland flow. The riverbed
will not be made -impermeable. Therefore, the ground water recharge through the
riverbed should not be impacted.

Encl. ‘ﬁﬁo ﬁzs COLON
Chief, Planding Section
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DEPARTMENT OF THE ARMY
SAN JUAN RAREA OPPICE. JACKSONVILLE DISTAICT. CONPS OF SNOINEERS
400 FERNANDLZ JUNCOS AVENUE
SAN JUAN. PUERTO MICO $0981-3209
aeoLe 10

AFINTHON OF
June 25, 199¢

Planning Section
Orlo
Dear °F2°:

The U. S. Corps of Engineers has completed the rscomsaissance
hase of the f1 control study for Rio Nigua at Salinas, Pusrto Rico
he study was au ed by a2 Resolution gf the Committee of Public Uorks

and Transportatipn of the U. S. House of nsumtim dltod October |,
1986. The study was requested by the Pusrto Rico Resident Commissionsr
in Washington 2 letter dated June 19, 1985. The Martmt of Katural
Resources is th Iocal sponscr En:losed for your information and
comments {s a copy of the report

{t is & Corps policy that onvironun 1 resources conservation be
given equal congideration with other study wrrms in ﬂu fcmlution
and evaluation alternative plans. This off co. 1n an effi
adequately iden{ify environmental resources t! uld be Iwm by a
flood control mgasure, is coordimtin am inter mesting to discua
issues that ny affcct he flood control study 'or Rio Nigua.
meeting is uled to ulu plau lt tm Corps of Engineers Office in
San Juan on Jnl; 19, 1990, at 9:00

t would ht a plnsun to have you or your representative
parncipue in this meeting.

Sincerely,

WilliamiT. Caff
Lt Col, Corps innn

Deputy Qistrict E neer for
Bt.h Rico & Virgin Islands

Enclosure



MAILING LIS
Rio Niguc de SaHna Lotter
Dated June 25,

Subject: Interagency Meeting. of July 19, 1990

Socrel.ary of Natgral Resourcss
0, Box 5887, rta de Tiarra
Sm Juan, Puerto{Rico 00906

Eng. Patria Cust o

Chalm munY Board
Box ims, Minillas Station

San Junn. Puertg Rico- 00940

Di htm Co " 4

rector 3s one_Management
Dcparuu’nt of ural I!ucurcusn
P. 0. Box 5887, {Pucrta de Tierra
San Juan, Pue Rico 00906

Mr. Santcs Rohesa Betanc

Chaimn, Euvt tal wality Board
Box 11488

Santum. Puerty Rico 00910

Honorable Alfongo L. Davila Sitva
Secretary cl:f fculture

Santurce, Pue Rico 00908
Vegl

Honorable Jos¢ :}\:mm

and Author ,y
P. 0. Box 9748

Santurce, Pue Rico 00908
Mr. Pedro Gel
Director, Caritibean Field Office

tection ncy
1413 Fernindez [Juncos Avnnlg:

Stop 20
Podiatrﬂ: Center Bldg.
Santurce, Pue Rico 00909

nrs Hilds Dia de Soltero
Fish and{Wildlife Service
Field Supervispr, Caribbean
lsl-nd Ofti
0. Box 491
Boquerlm. Puerto Rico 00622

Hr. Humberto He
2|rect0r, los:" Cgnservation Service
San Juan, Puerto|Rico 00936

Honorable Basilig Baerga Paravisint
"I:yovl-lof Satlinas

Salinas, Puerto Rico 00751
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STUDY MANAGEMENT TEAM

CESAJ-DS-PD June 22, 1993

MEMORANDUM FOR THE RECORD
SUBJECT: Rfo Nigua at Salinas Feasibility Study--s_lﬂ’ Meeting

1. On 23 March 1993 a Study Management Team (SMT) meeting for the Rio Migua
feasibility study took place in the Jacksonville District. The meeting was to
discuss preliminary plan formulation to be presented at the Technical Review
Conference (TRC) that was held 24 March with OCE and SAD representatives in the
District. Enclosw-e 1 provides a 1ist of attendees to the meeting.

2. Recomnaissance Report for Rio Nigua was completed in Karch 1990. The
conference on the report was held on 15 August 1990 and the MFR on the conference
was approved on 4 Octobar same year. Enclosure 2 is a copy of said MFR.

3. Preliminary plan formulation document and the study schedule to be presented
at the TRC were discussed with study team members. Enclosure 3 provides copy of
these documents.

4. The following comments regarding plan formulation were made by study team
rs:

a. Additional topography will be required to design the levee for Coco
community. The required information could be collected as part of the survey
efforts associated with the geotechnical studies to be performed once a final
levee alignment has been selected. Also, Survey Branch - cauld talk with
consultants that prepared original topography for the area to explore the
possibility of obtaining additional information with a reasonable cost.

b. Real Estate Division representative, Mr. Bealyer, stated that required
initial coordination with the PR National Guard for the levee along Coco
comsunity was done as part of the reconnaissance study. Final coordination will
be done as part of the feasibility study.

c. The need for a debris basin will be addressed as part of the sediments
analysis to be perforwed by WES and is being coordinated by CESAJ-EN-HH as part
of scheduled study efforts. A field trip to Salinas and other study areas in
Puerto Rico to initiate sediments analysis was scheduled for the week of 29 March
1993. (Note: Field trip took place as scheduled.)

d. Bridge structure at PR Road 154, main entrance to military reservation
Camp. Santiago, is a significant obstacle to river flow upstream PR Hwy. 52.
Water Stages in the Coco community area closely related to this structure. The
impact of replacing this bridge by a more efficient hydraulic structure on
proposed levee along the community will be evaluated as part of the improved
condition analysis.

e. Based on HiH for existing conditions, proposed ring levee around
intersection of PR Highways 52 and 1 will only be required as part of the SPF
Jevel of protection. Therefore, alternative plans being considered for the 100-
year event will not include this levee.
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f. Local government agencies are considering removal of the railroad bridge
at Rfo Nigua, south from the town of Salinas. This structure has a significant
impact on water stages in the vicinity. Although the time frame for proposed
action is not clear (it could take a few years), existing conditions hydraulics
will be revised considering removal of this structure to evaluate tts effects on
the economics of proposed flood control project.

g. Flood control alternatives will not include features to accommodate the
old railroad system.

5. The consensus among study team members was that presented plan formulation
was adequate and in harmony with the reconnaissance study results.

Study Manager
CF:
SNT members
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TECHNICAL REVIEW CONFERENCE

CESAJ-PD-PB 17 March 1993

MEMORANDUM FOR Deputy District Engineer for Project Management
chief, Engineering Division
Chief, Real Estate Division

SUBJECT: Puerto Rico Studies

1. Reference is made to our memorandum dated 2 March 93, subject
Rio Guanajibou, Puerto Rico Feasibility Report In-Progress Review.
This confirms that the referenced meeting will be at 0800 on 24
March in Room 930. Also a Technical Review Conference will be
conducted for Rio Nigua at Salinas. Existing conditions H&H have
been completed, existing condition damages are being calculated.
The purpose of the Salinas meeting is to insure intergration of
all District elements in the early stages of plan formulation.
This meeting will begin at 1300, 24 March in Room 930.

2. A tentative list of participants for the above meetings are
as follows:

SAD OCE
John Cruce Let Mon Lee
Lillian Almodovar
Rudy Nyc
Bert Holler

Kim Smith

Qo CRawsOer.
3. Mr. Jose Martinez, Section Chief of the San Juan Planning
Section has requested that technical level discussions for both
projects be conducted on 23 March prior to our meetings with SAD
and OCE staff to discuss in-depth details of both studies.
Accordingly, it is reguested that technical staff meet on 23
March at 0830 in Room 226 to discuss details of Rio Nigua at
Salinas and at 1300 in Room 226 to discuss Rio Guanajibo.
Mr. Roberto Cortes, the Study Manager for each study will also be
present.

4. In addition to review of the two General Investigations
studies, Study Team Meetings are scheduled for 25 March in Room
226 as follows:

0830 Rio Anton Ruiz

0930 Rio Manati

1030 Rio Fajardo

1300 Rio Loco, Rio Descalabrado, Rio Guamani

1400 El Ojo Agua, Culebrinas, Rio Nigua at Arroyo

5. POC is Mr. John Hashtak, the Puarto Rico Coordinator at
X2232. .

od S

A. J. SALEM
Chief, Planning Division
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CESAD-PD-P 2 November 1994

MEMORANDUM FOR RECORD
SUBJECT: Rio Nigua at Salinas, PR - TRC/PFC

.

1. The subject conference was held 18 October 1994 in
Jacksonville Digtrict. The purpose of the meeting was to
coordinate efforts between the district and division study team
members to assure completion of a quality feasibility
report/decision document. The conference agenda and list of
attendee’s are attached as enclosures.

2. Prior to the meeting initiation, Roberto Cortes of the Puerto
--Rico planning office received a certificate of appreciation for
his efforts in completing the Risk and Uncertainty analysis
component of the Rio Guanajibo report now under review at WLRC.

3. An overview of the study was provided to include a
description of the area’s flooding problems and the plan
formulation process used in developing alternatives for reducing
flood damage in the urban area of Salinas and in the communities
of Playa de Salinas and Coco. Planning constraints and a wap of
the flooded area were provided for discussion (see attachments).
Plans being evaluated in detail consists primarily of levee
construction, floodway improvement, and bridge replacement.
Incremental analysis will be used in assessing the length of
levee segments, and Risk and Uncertainty (R&U) analysis used to
size levees for Salinas and Coco.

4. District evaluation of the environmental resources in the
project area concluded that important fish and wildlife habitat
was located at and in the vicinity of the mouth of Rio Nigua and
that there were significant cultural resources at the proposed
disposal site. District stated that they would formulate plan
that minimized impact to fish and wildlife habitat and that they
would look at alternative disposal sites. The upper reach of the
river where levee and channelization work is being proposed does
not contain significant habitat or cultural resources with the
exception of an old bridge. If the bridge is to be removed as
part of the project mitigation in the form of documenting the
structures design and construction methods will need to be

prepared.

S. Only about 25% of the excavated material would be used for
levee construction. The remainder of the material, most of which
also appears to be suitable for levee construction, would need to
be disposed of. District stated that the disposal options that
they would investigate will include cost effective beneficial
uses. These include overbuilding of the levee which is viable in
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this case because there are no significant resources in the area,
stockpiling of mter-}i} for use as landfill cover, disposal in
disturbed areas of military installation, and disposal at nearby

quarry.

6. An Environmental Assessment (EA) will be prepared as part of
the study. The EA will assess the effects of sedimentation on
the area’s environmental .resources, excess material disposal, and
possible beneficial uses. of the material. Incorporation of the
EA into the report rather than being a stand alone/separate
document will be evaluated by Jacksonville District. A FWS
Coordination Act Report is expected in December 1994.

7. The potential for a recreation component will be evaluated.
Discussions will be made with the study sponsor to determine the
local (municipal) interest in supporting and cost sharing
recreation development which is consistent with Policy Guidance
Letter No. 36, Recreation Development at (Non-Lake) Structural
Flood Control and Harbor Projects.

8. Primary benefits of the project are inundation reduction
benefits. Benefits will be estimated for two separable elements,
the El Coco Community upstream PR Hwy 52 and the town of Salinas.
The town of Salinas area consists of two areas, separated by a
parcel of vacant land to the south of the town, the town and the
Community Playa de Salinas. An incremental analysis will be
conducted for the Playa de Salinas Community by comparing the
incremental benefits of protecting Playa de Salinas and the
agricultural lands north of the community, separately to the
incremental costs of extending the Salinas levee south to the
coast. The Distriet will include in the report a cost
effectivenass analysis to demonstrate that extending the levee is
the least costly alternative for protecting the Playa de Salinas
sector as compared to a separate ring levee. The additional
benefits associated with protecting the agricultural lands by
extending the levee would also be considered. This analysis
would help to alleviate any concerns that may arise related to
the fact that the extension of the levee would incidentally
protect the vacant parcel of land south of the town and thus
induce new development in this area. The District was advised
not to claim location benefits for this parcel of land since
these benefits are difficult to justify and support and growth in
the town of Salinas is not expected to be significant during the
future years. These benefits are not needed for project
justification.

9. An overview of the project’s engineering components included
a discussion of levee design, interior drainage, bridge
replacement, levee material suitability, and a locally
constructed concrete embankment within Salinas. Hydraulic
analysis indicates that floodway improv 8 will be required to
assure that stages are not increased for the community of Las
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Ochenta and other land use activities on the west bank of the
river. Analysis also indicates that deepening of the existing
channel would require a considerable alteration of the natural
river bed which will significantly impact the hydraulic
performance and will involve increased maintenance costs
associated with sediment transport. Rationale will be provided
in the report for the floodway widening as a non-separable
element of the levee for eliminating flood damages west of the
river (a discussion of this concept is provided as an enclosure
to this memorandum). Most of the runoff from the town of Salinas
drains away from Rio Nigua. Two outlet structures will be
provided for areas adjacent to the channel.

10. Preliminary analysis of material to be excavated from the
improved floodway indicates that the material is of good quality
for levee construction. The disposal area(s) for excess material
must be of adequate size to accommodate materials generated from
both construction and maintenance over the life of the project.
Initial analysis based on the 100-year levee and floodway design
indicates approximately 650,000 CY of excess material

- {construction only).

11. Risk and Uncertainty (R&U) analysis will be accomplished in
the feasibility study. It was agreed that if the with and w/o
project condition rating curves are similar, a single rating
curve will be used, the without project curve. Single reference
points will be used at both Coco and Salinas. The sample size
used will be assessed in order to get a representative size in
determining the parameters to be used in R&U analysis. The
Economics matrix has been modified to include all land uses. A
copy of the modified matrix was sent to Dr. Dave Moser, IWR, for
his review. CESAD-PD-E requested a copy of the matrix and the
District agreed to provide the matrix as soon as possible.

12. The use of a single Real Estate (RE) value vs modification
for each alternative levee height will be coordinated with or
‘provided by the District RE office. Real Estate will be
addressed in the main report and a RE appendix prepared which
will contain sufficient information to serve as a decision
document for the recommended plan. The Real Estate appendix will
contain maps which delineate the project requirements, indicate
interest (estates) required, and also show property ownership
lines. A taking analysis should be prepared for any areas
impacted by induced flooding to determine if interest is
required. The impact of the project, if any, on the abandoned
railroad bridge, the quarry road ford, and radio station, should
be discussed in the report. On any part of the project area to
be used for recreation, a fee estate will be required. The cost
of all project areas {(even those obtained at no cost) are to be
included in the report and the values of all RE are to be based
on a Gross Appraisal. The RE appendix will incorporate the RE
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values supported by the Gross Appraisal and be based on the RE
required for project implementation.

13. Structural data should be presented in the engineering
appendix of the feasibility report. If structural DM’s are not
required, additional design data usually included in a DM should
be prepared and presented in the appendix.  This would include
functional design requirements and technical design criteria for
the structural elements of the project to include typical
sections of proposed levees, culverts, and drainage or other
control structures to the extent possible. ’

14. The weeting was the first undertaken t:o implement a
cooperative effort in the preparation of a feasibility report,
and was considered very successful.

Ottenr
Encls o{hn Cruce

CESAD-PD-P
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CESAJ-DS-PD June 5, 1995
MEMORANDUM FOR RECORD

SUBJECT:. Rfo Nigua at Salinas, Puerto Rico, Technical Review Conference
(TRC)

1. The subject conference was held on 1 June 1995 in Jacksonville
District. The purpose of the meeting was to coordinate study plan
formulation and evaluation efforts between the District and  Division
study team members to assure completion of a quality feasibility/decision
report. The conference agenda and list of attend are attached as
enclosures 1 and 2, respectively.

2. An overview of the new upcoming technical revision framework for the
report, update of District actions with respect to the MFR of the
18 October 1994 TRC and progress report of study were presented and
described. This was followed by detailed presentation of final plan
formulation process and the recommended plan.

a. This feasibility report will be one of the first to transition
from Division to District technical review. Considerable resources has
been allocated to this process through the TRCs and District efforts at
examining and solving all major technical issues and questions raised.
It is of utmost importance that these efforts and technical decision
process be properly documented for quality assurance in a Technical
Review Document chat will accompany the feasibility report. The
technical review document is not to duplicate the technical analysis
presented in the various supporting appendices included in the
feasibility report. Rather, it is to specifically 4 the
and decision process of the issues and questions raised during the intra-
District and Division TRCs, which are not explicitly presented in the
appendices.

b. With respect to the MRF of 18 Octcber 1994 TRC, the following was
established:

(1) Refined hydraulics resulted in lower stages.

(2) Final plans evaluated in detail no longer include floodway
channel improvements.

(3) Final plans formulated avoided significant impacts to fish
and wildlife (no need for mitigation) and provide for borrow and disposal
sites with no impacts on cultural resources. Removal of an old unused
railroad bridge is assumed to be undertaken by locals well before project
is implemented because of existing serious backwater effects in the area.
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(4) Excess excavated material will be minimal. Excavation for
replacing proposed natural chammel coavey vh proposed levee turns
into the existing river chammel will provide for about 25 percent of the .
material for comstruction of levee; the other 75 percent will come from a
borrow site located in the National Guard Camp Santiago. With curremt
available soil data, it was assumed that 60 percent of the excavated
material will be used for levee cocmstructionm. When additiomal soil
information becomes available during P&S phase, there is a possibility
that the percentage of useful material for comstruction of levee would
increase; thus, further reducing excess excavated materials for disposal.

(5) An environmental assessment (EA) will be prepared as part of
the study. It will generally stand by itself as a complete document, but
will minimize repetition of information by referencing to other parts of
the report. Draft Coordination Act Report from F&WS has been received.

(6) Potential for bicycle and jogging trail on the top of levee
will be included in recommended plan. Land for such purpose will be
acquired in fee by the local sponsor. This will not significantly change
land acquisition because 99 percent of its value would be paid for
permanent construction of levee.

(7) 1In the case of the Salinas town levee, separable incremental
economic analysis were conducted for: (1) the spur levee along ramp
upstream of bridge on PR Highway 52 to avoid flooding from the 100-year
anc SPF floods in the northern part of the town, and (2) for extending
the town levee in its southern end to protect the Playa area. Both
segments were shown to be eccmomically justifiable and the least cost
alternative. The District will claim the incidental location benefit in
the 132 acres parcel of vacant land between the town and the Playa
residential area. The enhancement of this land is an incidental benefit
resulting from extending the town levee to protect the Playa residential
area. This benefit is considered only under the recommanded plan. It
was not considered for establishing the optimum size (MED plan) of the
various levee heights.

(8) Single reference points were utilized in implementing the
risk analysis in the Coco community and the town of Salinas areas. In
the area of Coco, the rating curve with and without project is the same
while in the area of Salinas they are slightly different. The
residential structure sample size was large enough for estimates of
socioceconomic parameters within reasonable confidence limits. Complete
documentation will be presented in the Economic Appendix. Copies of R&U
work sheets for Coco and Salinas town/Playa areas were provided to SAD
and Dr. Moser at IWR in November 1994.
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(9) Real Estate developed detailed preliminary estimates of each
real estate element (land and damages) associated with construction of
each of the proposed final plans. The Real Estate Appendix will contain -
all necessary information and data to serve as-a final real estate
decision document. A Real Estate Design Memorandum will not be required.
A taking analysis will be prepared for the areas where there is potential
of induced f£looding.

(10) Engineering Appendices will have sufficient data and
information including drawings of design, design criteria, project
features, and project requirements to allow proceeding directly into
Plans and Specificatioms.

3. Study Update. Study began in summer of 1992. All field work had
been completed. During the past two months work concentrated in final
plan formulation and identifying the NED plan. There has been continuos
participation by the local sponsor in the final plan formulation phase.
Inputs for report are about 70 percemt complete.

4. Description of Plans. The study area has two separable independent
areas: Coco commmity and the town of Salinas (including the Playa
development area). Plan formlation, evaluation, economics, and cost
sharing will be presented separately and for both of the areas as a whole
in the report. Initial plan formulation included ructural es
such as relocation, but it will be very expensive as it requires
relocating over 2,500 structures. There are in operation hurricane
evacuation and flood warning system plans that are considered
complementary to the structural measures suggested under the recommended
plan.

a. Coco Commmity The commmity would be protected by a 3.94
kilometers levee with an average height of about 3.7 meters (12 feet).
The structure will be comstructed on lands of Camp Santiago (P.R.
Natiomal Guard military training area) along the property line bordering
the north-west area of the community. Between the proposed levee and the
community there is Highway 1 and a 12-meter buffer zone with a security
fence (Camp Santiago) and electricity lines that run parallel to the
levee alignment. The material for the construction of the levee would be
coming from a borrow site within the Camp Santiago. About 30 acres of
land would be impacted by proposed levee. No significant impacts on
cultural and environmental resources are expected from the implementation
of the plan.
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b. Salipas town and Plava community area. The urban area south from
PR Highway 52 would be protected by a levee with non channel
improvements. Downstream from the highway, the levee would be 2.95
kilometers long and an average height of 1.5 meters in the coastal area,
4 meters in the vicinity of the town, and S meters in the area north of
the town of Salinas. Upstream from the highway, the levee will continue
bordering the highway intersection between PR Highways 52 and 1 (spur
levee) for about 730 meters with an average levee height of 2.5 meters.
PR Highway 1 bridge over Rio Nigua would be replaced. The replacement of
the bridge on PR Highway 1 will require providing for temporary road
access in that area. This temporary improvement will be costed as a
separate item in the MCACES. Levee alignment will obstruct existing
channel in the vicinity of the PR Highway 1 bridge for a total length of
about 500 meters. This segment of channel will be realigned with about
same size cross section and slope as the existing channel.

melpurlevuumg:hgrauphatmmm;hmysszmdliam
avoid the 100-year and SPF waters reaching into the northern part of the
town. Extending the levee required providing protection to the bridge
eastern abutment to maintain the structural integrity of the levee.
Protecting the bridge is the least cost altermnative for extending the
levee in that area. Otherwise, a floodwall under the bridge will have to
be constructed.

Though there is no significant induced flooding, a taking analysis
will be included in the report. Real Estate will check on the need to
acquire and include in the real estate cost interest in the structures
and land occupied by several dozen squatters which live within the
floodway upstream from bridge on PR Highway 1. Those structures would be
removed under the recommended plan.

If the gas station is impacted by the final footprint of the levee
alignment, Real Estate Division and Environmental Branch will make sure
that tank removal from the gas station is included in the cost estimate
and that there is no HTW problem associated with the removal of the

tanks.
No significant environmental gquestiocns remain regarding the Salinas town

levee. The proposed levee has been aligned to avoid the area's
ecological resources. The recommended plan contemplates no mitigation

component .

Since the flow regimen in the area is not being altered in any
significant way, sediment management is not a major O&M element for the
proposed project.
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S. Expject econamics. Project sizing and reliability was performed
through the risk analysis approach required by BC 1105-2-205. Enclosed
tables (see enclosure 3) show results of the analysis and associated-
stage information. The optimum levee crest elevation for Coco commmity
at cross section 23 is 38.7 meters (NGVD) which would have a 0.33
percent chance of being overtopped in any given year, while the optimum
levee crest alevation for the Salinas town/Playa area is 4.5 meters
(NGVD) at cross section 2 which would have a 0.01 percent chance of being
overtopped in any given year. The levee for Coco commmity would
have a 91 percent probability of holding the 100-year event, while the
corresponding figure for the Salinas town/Playa levee would be 99
percent. -

6. . Draft report is scheduled for

Schedule, funding, and coordination
September 30, 1995, and although funding is limited, every effort will be
made to complete report within the available funding

Regarding the FRC, the possibility of holding it in Jacksonville
should be explored if there is no significant pending issue. Only key
management people should assist.

‘ When report is submitted to SAD, simultanecus public coordinaticn
should be initiated if there are no significant policy issues pending.
The PMP should clearly show the logistic and management for the different
tasks and efforts that the District will undartake for the plans and
specifications phase of the project.

7. Concluding remarxks. The District has completed significant work
since the last TRC on 18 Octcber 1994. All pending questions and issues
remaining have been addressed and resolved. At this moment, there is no
significant technical and envirommental issue ‘relating to the proposed
plan for Coco commmity and the Salinas/Playa area. District shall make
all necessary efforts to complete draft report and technical review

document by 30 September 1995.
¢ 2d7

Encls. 3
Chief, Plamning Section
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PLAN FORMULATION/TECHNICAL REVIEW CONFPERENCE

- 1040

- 1100

- 1130
- 1230

- 1430

. 1 JUNE 1995
JACKSONVILLE, FLORIDA
ROOM 930

AGENDA
Welcome and Introductions

Meeting Objectives
Technical Review and
Quality Assurance

Study Update and Status
Lunch

Study Components
Plan Formulation/
Alternatijve Evaluation
H&H, Design, and Cost Estimates
Geotechnical
Real Estate
Environmental
Project Economics
Risk Analysis

NED Plan Determination
Environmental Concerns

Wrap-up
Schedule and Funds
Conclusion

Adjourn
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COMMUNITY MEETING

CESAJ-DS-PG October 19, 1992

MEMORANDUM FOR RECORD
SUBJECT: Rio Nigua at Salinas Public Meeting

1. The first public meeting of the Feasibility Study for Rio Nigua was held
on August 11, 1992, in the Municipality of Salinas assembly room. The
meeting was chaired by LTC Stephen R. Benton, DDE for the Antilles, and
Eng. Hilton Miré Detrés, Assistant Secretary for Fiood Control, Department
of Natural Resources. The activity was coordinated with municipal
authorities and publicity for the activity was through fliers, the local
newspaper, and radio. Letters to local and federal agencies and local
officials in general were sent providing information on the meeting (see
enclosed mailing 1ist). The meeting was recorded and there was good
participation from the public in general. A meeting summary was prepared
and is part of the record.

2. In general, the meeting was informative and there is consensus about the
urgent need for the flood control project.

3. Main concerns expressed in the meeting are related to the agonies of
living in an flood prone area. Most of the participants were impacted (in
a negative way) by the time frame required for the development of the Corps’
project. People in the audience requested assistance from the Corps in
gettingi something (anything) done to solve the immediate need for flood
protection.

4. There was a consensus about the problems that the old railroad bridge
is creating during floods within the developed areas south of the town.
This old structure is no longer in use, and its current structural
conditions is a potential safety hazard to the community, particularly
during floods. There was a vivid request to the Department of Natural
Resources (DNR) to remove that structure ASAP. However, there are plans,
see enclosed record, to use the railroad system as part of a main tourist
program for the south-east cost, "Tren del Sur". The old bridge will have
to be replaced as part of the proposed transportation program and to improve
channel conveyance as part of the proposed flood control project. This
structure should be removed as part of an effective maintenance program that
should be implemented by DNR with the possible assistance of the P. R.
National Guard (see enclosed letter) in the area.

5. The following is a general presentation of issues presented by
functional areas:

a. Engineering. The old railroad bridge south of the town will have
to be replaced for future use. Therefore, channel conveyance will be
significantly improved. This work (the cost) may not be required as part
of the flood control project. In the design of the flood gate required as
part of the levee alternative, it should be considered that the user of the
railroad will consist of a slow moving engine with the only purpose of site
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seeing. The possibilities of having this tourist attraction running during
extraordinary rainfall events are minimal.

b. Plan formulation. There is a lot of interest in providing
protection to the developed areas on the west bank and some rural areas
upstream from the proposed project site. The benefit to cost ratio and the
incremental analysis requirements may be main limitations to this particular
request.

c. Environmental. As part of the project presentation, the public was

notified that an environmental impact study and report was going to be
prepared as part of the total study effort. No issues or concerns were

presented at the public meeting.

3 Encls /" ROBERTO CORTES COLON -
Project Manager

CF:

CESAJ-PD-PB
CESAJ-PD-E

Eng. Hilton Mird, DNR
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RIO NIGUA AT SALINAS FLOOD CONTROL STUDY

PUBLIC MEETING SUMMARY
August 11, 1992

The meeting began at 7:45 p. m. and was conducted in Spanish. It took
place at the facilities of the Municipality of Salinas Assembly. There was a
participation of approximately 84 persons from the Salinas community.

The public meeting was co-chaired by LTC Stephen R. Benton, U. S. Army
Corps of Engineers; Eng. Roberto Cortés, representing Mr. José A. Martinez Laboy,
Chief, Planning Section, U. S. Army Corps of Engineers; and Eng. Hilton Miré,
Assistant Secretary for Flood Control, Department of Natural Resources.

Other members of the U. S. Army Corps of Engineers present at the meeting
were: Mrs. Elsa Jiménez, Public Affairs Office; Eng. Edil Rosas, project manager
for the Rio Nigua at Salinas study; and Mrs. Lucy Soto, secretary, who was the
person taking notes of the meeting.

Eng. Roberto Cortés gave a brief introduction explaining the purpose and
procedures of the public meeting and informing the public that the same was being
recorded as part of our records. LTC Benton addressed the public in Spanish.
Eng. Cortés introduced Eng. Hilton Miré, representing the Department of Natural
Resources, who also addressed the public. Eng. Miré welcomed the public in
behalf of the Secretary of the Department of Natural Resources and on his own,
and then explained the purpose of his presence.

Eng. Cortés then asked all persons who were representing a government
agency to acknowledge their presence. Present at the meeting were: Mr. Edgar
Fuentes, Special Assistant to the Secretary of Agriculture; Mr. Miguel Rodriguez,
Budget and Management Office; Mr. Antonio Vizquez Rodriguez, Puerto Rico Police
Department; Mr. David Carridn, Puerto Rico National Guard; Mr. Jesus F. Lebrén,
Regulations and Permits Administration, Guayama Region; and Mr. Cony Alvarado,
Director, Salinas Civil Defense.

. Eng. Cortés explained the public the Corps of Engineers study process. He
indicated that the Rio Nigua t Salinas reconnaissance phase was completed in May
1990. The local funds to initiate the feasibility phase were received in March
1992. He stated that this phase is an extensive and detailed one. The draft
feasibility report for Rio Nigua is scheduled to be completed by 1995. In this
phase, various structural and nonstructural alternatives will be considered for
flood control in this area. The decision-making process to choose the final
alternative is very complex and in which the Department of Natural Resources
plays an important role. He clearly established that one of the parameters which
define the reach of the study is based in its economic justification.

Eng. Cortés introduced Eng. Edi1" Rosas, who is the engineer mainly
responsible for this study. Eng. Rosas explained to the public in detail the
alternatives being considered for the study.

Once Eng. Rosas concluded his presentation, the public was given the
opportunity to comment on the subject.
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The persons were asked to reach the microphone, give their names, and make
a brief comment so that as many people as time would allow could have the
opportunity to express themselves. - :

Those persons who gave their opinions were: Mr. José Alvarado; Mr. Cony
Alvarado, Director Civil Defense; Felicita Llovet, President of the Municipal
Assembly; Carmelo Echevarrfa; Mr. Luis E. Caraballo; Mr. Marta M. Ortiz;
Mr. Ramdén A. Bdez; Mrs. Dolores Izquierdo; Mr. Felipe Diaz Delgado; Mrs. Tata
Santiago; Mr. Angel Luis Ortiz Luna; and Mr. Damidn Gonz&lez.

The following is a summary of the major concerns expressed by these persons
(for detailed information on each person’s expressions, please refer to recorded
tapes of meeting):

--In which way could the Puerto Rico Government, the U. S. Army Corps of
Engineers, or any other organization or agency help them mitigate in a short term
period the impacts from the Rio Nigua floods.

--Most of the concerns were related to the construction schedule. The
study sounds very reassuring, but the waiting time to have the whole study
concluded and project built seems too long.

--The lack of maintenance of the existing channel by the pertinent
agencies.

--Which areas will be protected by the project? What properties or
families will have to be relocated?

--The project should contemplate protection to the Sabana Llana area,
upstream from current project site.

Mrs. Tata Santiago, member of Margarita Community Committee and staff
member of the Salinas Hov newspaper, was asked to serve as point of contact for
the community of Salinas. Mrs. Santiago’s address and teiephone number are: Box
467, Salinas, Puerto Rico 00751; (809) 824-0681.

Due to lack of time, there were some persons who were not able to express
their concerns.

The meeting adjourned at 9:40 p. m.

Secretary

Arm;' Corps of Engineers
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CESAJ-DS-FD 29 May 1996

MEMORANDUM FOR RECORD
SUBJECT: Rio Nigua at Salinas Community Meeting

1. Subject meeting was held on Thursday, May 23, 1996, at the Angel Luis
“Cholo” Espada Coliseum in the town of Salinas. Meeting started at
7:20 p.m. and ended at §:30 p.m.

2. Meeting was chaired by LTC Chester D. Fowler, representing the COE,
and by BEng. José Arroyo, representing the Secretary of the DNER.
Eng. Roberto Cortés presented the study results.

3. Records show the attendance of 58 persons. Present at the meeting
also were: Hon. Basilio Baerga, Mayor of Salinas; Mr. José Dévila, Aide
to the Governor; Hon. José E. Meléndez, Senator for the town of Salinas;
Acting Director for the DNER Guayama Region; Director of the Civil
Defense; a representative of the PR Planning Board; and a representative
of the g and get Office.

4. Study results were presented to the commmity by Eng. Roberto Cortés
Colén. Eng. Cortés Colén pointed ocut very clearly all measures that were
taken to avoid or minimize environmental impacts. He mentioned that by
all means measures to avoid impacting the Coastal Barrier Zone along the
river mouth were cbserved.

S. Attendants’ participation making questions to clarify their doubts
about the project was good. Major concern among residents from La
Margarita area was the removal of the old (abandoned) train bridge. They
expressed their desire to have the rail removed because it poses a
sericus flood and safety hazard.

6. They also expressed their desire to have the project built as soon as
possible.

7. No environmental issues or concerns were raised during the meeting.

8. The meeting was recorded. A detailed summary of it will be prepared
by the undersigned by mid June 1996.

tary, Planning Section
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9/96 (vev) APPENDIX E
REAL ESTATE PLAN
3. STATEMENT OF PURPOSE

This Real Estate Plan (REP) is tentative in nature for planning purposes
only; both the final real property acquisition lines and the real estate cost
estimates provided are subject to change even after approval of the Rio Nigua
at Salinas Peasibility Report.

2. AUTEORIZATION

This study was authorized by a resolution adopted by the Committee on
Public Works and Transportation, United States House of Representatives on
October 1, 1986, in resp to a by the Puerto Rico Resident
Commissioner in Washington D.C. in a letter dated June 19, 1985. The
Department of Natural Resources (DNR) is the local sponsor for the project.

In compliance with the above authorizatiom, a Reconnaissance Report on
Rio Nigua at Salinas was completed and approved cu September 24, 1990.

3. PROJECT LOCATION

Puerto Rico is located approximately 1,600 miles southeast of New York
City and approximately 1,000 miles east of Miami, Florida. It is the smallest

of the Greater Antilles island chain, ing app ly 100 miles by 35
miles.

The Rio Nigua study area is located on the south coast of Puerto Rico,
approximately 21 miles east of Ponce. The headwaters of the Rio Nigua
originate in the Cordillera Central, near the town of Cayey, at an elevation of
about 2,621 feet. The river then enters the upper coastal area through the
Camp Santiago Naticmal Guard Base, to the west side of the rural community of
Coco and flows toward the southwest, passing west of the town of Salinas, to
discharge into the Caribbean Sea. .

The town of Salinas is located on the south coast of Puerto Rico,

approximately mid-way between Guayama (to the east) and Ponce (to the west),
and approximately 45 miles southwest of the San Juan metropolitan area.

4. PROJECT DESCRIPTION

Refer to Plates A-3 through A-5, Real Estate Planning Map, Exhibit A,
Borrow Area Location Map, and Exhibit B, Disposal Area Location Map.
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The recommended plan Provides flood protection to the populated areas of
Salinas and Playa de Salinas. Plood protection is accomplished by levee and
channel segments lying east of the Nigua riverbed between the existing channel
and the populated areas. Where the levee alignment shifts to within the
existing riverbed, additional realty requirements are needed for the channel to
be realigned to the wast of the levpe.

mmlmm!mam:mtummwot Coco.

mmiuo!mlmmtnmumnmcﬁmmrwnuym
Camp Santiago Military Reservation. The Camp Santiago leves segment ‘runs sast
of the Nigua riverbed, parallel and contiguous to P.R. 1 along the eastern
border of the Camp Santiago property, i ing at the i ion of P.R.
154 and P.R. 1. The second levee segment on the upstream side (north) of P.R.
52 runs (east-wast) from the raised P.R. 52 right-of-way and Nigua riverbed
intersection along the north side of the P.R. 1 entrance ramp (onte P.R. S2)
north to the 4 on of P.R. 1 and P.R. 154. The levee then crosses
P.R. 1 and continues along the south side of the P.R. 154 right-of-way to where
it ties into the raised P.R. S2.

The Salinas leves begins south of P.R. 52. This leves runs north-south
to the Caribbean Sea. z:uum:o:mnmxzwmmum
wast of several denssly populated residential subdivisions. P.R. 1 intersects
the levee approximately mid-way betwean P.R. 52 and the Caribbean Sea. To
avoid relocating homes, the leves is diverted slightly west to within the
existing riverbed bstween Station 20400 and Station 8+00. The channel is
realigned contiguous to the west of the levee throughout this reach, until
reconnecting to the natural channel at Station 8+400. Prom Station 6+00, the
leves runs generally south to the sea. ’

m:.i.-so:gnhotmumhuhinyponimotmwmdm (on
Federal land) W!ﬁnwﬁd@lﬂmm. Refer to Paragraph 5.
Government-Owned Land co page E-3.

mummuzs-muatumumzw-mma
three years. Ithloa:dminnlyi/‘oianﬂcmo!ﬂullg\n
ri d's 4 ion with P.R. s2. The area is irregularly shaped and is
contiguous to the south of tha P.R. 52 right-of-way. Access to the disposal
area is by graded roadway. m-mumuhmeudum-wvjm
condition at easement expirationm.

There will be an unpaved road from the west bank of the
Nigua River at P.R. 1 north along the west side of the riverbed, tying into an
existing road. This road will provide access to the disposal area and other
points between P.R. 1 and P.R. 52 which will be cut off by levee constructiomn.
The access road is approximately 1.54 kilometers long. There are to be three
P road ing ated with the project. The first is located at
the intersection of the Nigua riverbed and P.R. 1 where the bridge will be
replaced, the second is downstream at Station 6+00 and will provide access to -
the 60+ acre coastal area where the existing access road will be blocked by the
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proposed levee. The third ramp is on P.R. 1, upstream P.R. 52. There is a
mp y road required for one year during comstruction of the new
P.R. 1 bridge.

Most of the Coco levee, located north of P.R. 52, will be on Federal
lands (approximately 32.88 acres) at Camp Santiago Naticnal Guard Military
Reserve. The borrow area, consisting of S0 acres, is also located at Camp
santiago. The National Guard has agreed to make these lands available for
project purposes.

The lands needed for the Coco levee will be granted to the Local Sponsor
upon q , aBs & perp 1 flood p ion levee .

A license will be issued to the Local Sponsor for a period of three years
for access to the borrow area and removal of sand, gravel and dirt to be used
in construction of the flood protection levees. Generally a cost would be
charged to the licensee, but in this instance a waiver of charges will be
req d A area is included in this report in the
event a document other than a license is utilized.

The existing riverbed of the Nigua River is owned by the Department of
Natural Resocurces of the Commonwealth of Puerto Rico, the proposed local
sponsor for this project. The affected riverbed lands consist of approximately
11.64 acres.

7. ATTITUDE OF OWNERS

Coordination of the Peasibility Report was accomplished through numerous
formal and informal wmeetings with various 1th and deral) agencies,
municipality officials, various interested groups, and the residents of the
floodplain. The residents of the project area have generally expressed
t of the d plan.

P upp

8. TAKINGS AMALYSIS

It has been determined that project implementation will cause no
significant increase in frequency or duration, but there will be an increase in.
depth. Even so, areas where the increased depth of flooding will occur is
mountainous and, accordingly, there will be a rapid runoff of the increased
depth of water. Additionally, the area to be impacted is undeveloped and there
is no ic benefit p ly being obtained from this area. Under these
cir , the i d depth of flooding would cause no damage to the
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real proparty. A takings analysis prepared September 12, 1995, concluded that
"...not even slight damage is inflicted upen private property. That while
conceding that there will be greater flood depths, it is denied that the
greater depths will cause any damage... the i d flooding by the
project will not constitute a taking under the PFifth Amendment of the United
States Constitutiom.”

Refer to Real Estate. Plamning Map, Plates A-3 through A-5, Borrow Area
Location Map,  Exhibit A and Disposal Area Location Map, Exhibit B.

The neigh ds aff d by the project features include Camp Santiago
Military Reserve, north of P.R. 52 and west of P.R. 1; the Commmity of Coco,
east of P.R. 1 and north of P.R. 52; the western porticn of the Town of
Salinas, south of P.R. 52, and the residential section of Playa de Salinas
(Salinas Beach) community. Land uses include the Carmp Santiago National Guard
Military Resexrve and its various functions; commercial where the riverbed
crosses P.R. 1; agricultural/grazing southeast of Coco and west of Salinas; and
residential (oceanfront) where the flood control system meets the Caribbean Sea
in Playa de Salinas.

There are three land classifications included within the proposed
acquisition. The majority of the acquisition includes portions of the large
grazing tracts along the existing riverbed. There are cosmercial tracts to be
partially acquired where the project features intersect P.R. 1 near Station
13+400. There are four residential oceanfront parcels to be acquired on the
extreme south end of the project where the levee ties into the beach. These
hm-itummhlm-:dulwﬂ“lmmmuxmluw,
h , the appraiser d they are fee simple ownerships and have
simply not been recorded as such on the tax maps, which is not uncommon in
Puerto Rico. There is no prime or unique farm land within the project.

Coco laves:

Approximately 32.68 acres of the lands required for the Coco leves are
within the Pederal Camp Santiago Military Reservation and are valued at
$66,760. The portion of the Coco levee is .61 of an acre levee spur which
extends south of P.R. 1 to the north of P.R. 52 and to the west of P.R. 1S4.
This portion of the Coco levee is within a privately owned graring tract and is
valued at $1,220.
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Salinas levee:

The land requirements for the Salinas levee include approximately 27.39
acres, of which approximately 11.64 acres lie within the existing riverbed
havitz 1 zero value. The balance, approximately 15.75 acres, is valued at
$332,:20.

The improvements within the Salinas levee footprint include a farm
residence in poor condition, a radio station office building, a service station
and four waterfront residential dwellings located where the levee ends at the
beach. The :mprovements are valued at a total of $335,100.

The Salinas levee was moved west to within the existing riverbed between

Stations 20400 and 8400 to avoid the acquisition/relocation of several homes.
This channel improvement will divert the water in a path contiguous to the west

of the levee in this area. The p 1l impr consists
of approximately 16.19 acres within agricultural/grazing ownerships, at an
estimated value of §32,056. There are also approximately 30 squatter

structures within the diversion channel footprint that are valued at a total of
$60,000.

Borrow Axea:

The borrow area i of approxi ly 50 acres in a hilly portiomn of
Camp. Santiago. This is on Pederal land and is valued at $99,000.

Disposal Arxea:

The disposal area consiste of approximately 25 acres, lies within one
large agricultural tract, and is required for a pexiod of three years. It is
located approximately 1/4 of a mile west of the Nigua ri d's i ion
with P.R. 52. The area is irregularly ped and is 1 d contiguous to the
south of the P.R. 52 right-of-way. Access to the disposal area is by graded
roadway. The area will reportedly be restored as closely as possible to its
pre-project condition at the expiration of the easement. The estimated
temporary easement value is §$13,500.

Road Requirements:

The temporary road requirement for rebuilding the P.R. 1 bridge is one
year. The area required outside of the existing road right-of-way comsists of
approximately .09 of an acre within a commercial tract fronting P.R. 1. The
temporary easement value is $1,176.

The project plan also includes two per road . There would
be an unpaved road extending from the west bank of the Nigua River at P.R. 1,
north along the west side of the riverbed to the disposal area and other points
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west of the levee/channel where access will be cut off by the project. The
road consists of approximately 1.9 acres within agricultural tracts and is
valued at $3,762. The second permanent road comsists of .5 of an acre road
ramp associated within the widening of P.R. 1 onto the new bridge. The area is
within the commercial parcels along the south gide of P.R. and is valued at
$64,687.

A road ramp over the levee at Station 6+00 to provide access to points
west of the levee and south of P.R. 1 will be acquired in fee. The ramp area
outside of the levee acquisition consists of approximately .5 of an acre within
an agricultural/grazing tract and is valued at $1,000.

Staging Areas:

All construction staging will be accomplished within areas to be acquired
for project features. No additional lands are needed.

Severance Damages and Bepefita:
The project acquisition includes the partial acquisition of 13 non-
Federal parcels. Most of the tract remainders are large igh and ible

80 that it is obvious that they are not damaged by lost access or downgraded
highest and best use. The areas that required closer scrutiny are large enough
in all cases to be used as homesites. No severance damages are assigned to the
tract remainders.

The special benefits applicable to the protected tract remainders are not

measurable from the available k data. Th , there may be no offset
against either the a {c 1th Rule) or the entire just
compensation award (Federal Rule). Lands and damages value estimates are
identical under both the ¢ 1th and F 1 Rules of Appraisal.

10. RELOCATION ASSISTANCE (PUBLIC LAW 91-646)

There are approximately five owner occupied residential structures to be
acquired, 30 squatter structures to be removed, and two businesses that are
eligible for relocation assistance. Estimates of costs to comply with Public
Law 91-646 total $340,000. This estimate includes costs for moving and
restabli P for the aff d businesses, and moving and other costs
for providing the displaced families with comparable decent, safe and sanitary
replacement housing.

Availability of Replacement Housing: During a field visit to the project
area, it was determined that there is adequate and suitable replacement housing
available for the families affected by the project. .
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11.  ACQUISITION/ADMINISTRATIVE COSTS

The following acquisition/administrative cost estimates are based on the
acquisition of land and structures within 21 ownership tracts (of which one is
federal) and 37 st , as d ined by area tax maps and field
investigations of the project area.

1 Acquisition/Admini ive Cost
Project Planning $ 20,000
Review .of Acquigsitions (51 @ $2,000 ea) 102,000
Review of Appraisals (50* @ $1,500 ea) 75,000
Review of Condemnations (est of 6 @ $2,500 ea) 15,000
Review of PL 91-646 (37 @ $500 ea) 18,500
Review of Temporary Permits (Rights-of-Entry) 2,000
Draft PCA Review by Real Estate ~2.000
Total Pederal Acquisition/Administrative Cost: $234,500

Non-Federal Acquisition/Administrative Cost Estimate:

Acquisitions (51 @ §5,000 ea) $255, 000
Appraisals (50* @ $3,000 ea) 150,000
Condemnations (est of € ® $10,000 ea) 60,000
PL 91-646 Assistance (37 @ $1,000 ea) 37,000
Temporary Permits (Rights-of-Entry) 4,000
Damage Claims 3000

Total KRon-Federal Acquisition/
Administrative Cost: . $509,000

*The Federal ownership requires nc appraisal.

2. RELOCATIONS OF ROADS, BRIDGES, UTILITIES, TOWNS AMD CEMETERIES

There are no towns Or ies to be rel d due to project
implementatian.

Comstruction of the proposed flood control project will require
replacement of the P.R. 1 bridge and enlargement of the existing channel.
There are two water lines (4 and 2 inches) that will be affected by the bridge
replacement. From the bridge to the coastal area, is a significant number of
electrical power lines that will need to be relocated. 1In the vicinity of the
same bridge, there are telephone lines that need to be relocated.
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Downstream from P.R. 52, about 350 meters, is a 130 meters long siphon
that is part of the irrigation system of the area that will have to be modified
to d the prop d plan.

All utility relocations will be done within lands required for the
project.

An Attorney’s Report of Compensable Intersst dated September 14, 1995,
prepared for this project concludes that *...a compensable interest has been
established for the replacement of the P.R. 1 bridge together with the water,
electric and telephone lines. There is insufficient evidence to conclude
whether or not a compensable interest exists for the siphon.” This issue will
be resolved prior to project crediting.

There is an abandoned railroad bridge located south of PR Highway 1

bridge that will be removed for project purp . An y’'s Opinion of
Compensibility will be prep d to & that this bridge is indeed
b In with Project Guidance Memorandum (PaGM), if a
substitute facility is ucted, the rights will be subordinate to

the operation of the project.

13. HON-FEDERAL OPERATION/MAINTEMANCE RESPOMNSIBILITIRS

In accordance with the proposed Project Coop ion (PCA), the
local sponsor shall maintain and operate the project after completion pursuant
to the directions of the U.5. Government.

14. LOCAL SPOMEOR'S AUTHORITY TO PARTICIPATE IR THE PROJRCT

.The Department of 1 ces of the ( 1th of Puerto Rico is
the local sponsor for the majority of the flood control projects in Puerto
Rico. It has provided all lands required to date for the on-going Portugues
and Bucana Flood Control Project since 1974. The Department of Natural
Resources has also provided all necessary lands for the Sabana Grande Project
completed in 1990, and for the Rio Cibuco Project at Vega Baja, Puerto Rico.

The Department of 1 directly for surveys, title
evidence and appraisals and generally utilizes other Puerto Rican agencies for
the acquisition effort, such as the Puerto Rican Highway Authority. There is a
team similar to the Corps' Life Cycle Project Management Division which
administers the different on-going and major authorized flood control projects
in the planning stage.

All condemnations are handled by the Puerto Rican Department of Justice
in the local Puerto Rican courts. Condemnation assemblies are prepared by
coungsel for the agency which is under contract with the Department of Natural
Resources to acquire lands. Puerto Rican law provides for condemmation of
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right-of-entry for survey and exploration during the planning stages. In
condemation for title, there is & 90-day pericd after an order or possession
is filed before the owner is required to vacate the property.

1s. HAZARDOUS, TOXIC AND RADICACTIVE WASTES (HTRN)

A preliminary was d in May 1993, to address the
exi or p ial for occurrence of HTRW contamination on lands, including
and d lands. The preliminary assessment for the

project/study included a project review, site literature/document review, and
site recomnaissance, with negative results
16. OUTSTANDING RIGHTS

There are no known outstanding rights other than easements for public
roads and utilities.
17. MINERALS

There exist no minerals in the project u—u which require valuation.

18. STAMDING TIMBER AMD VEGETATIVE COVER

There is no standing timber or vegetative cover that has significant
economic, recreation or scenic value. There is no "prime or unique® farmland
within the project area.
19. MITIGATION

There are no wetlands affected by the project that require a mitigation
featuvre.
20. SUMMARY OF ESTIMATED PROJECT REAL RSTATE COSTS
Lands and Damages:

Lands (143.42 acres total)

Fee (0.50 acres) $ 1,000
Easements :
Flood Prot Levee (16.36 acres) 333,640
Channel Imp (16.19 acres) 32,056
Permanent Road (2.40 acres) 68,449
Temporary Road (.09 acre) 1,176
Temporary Disposal (25.00 acres) 13,500
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Pederal Lands:
Coco Levee (32.88 acres) 66,760
Borrow Area (50.00 acres) 99,000
Subtotal $615,581
Inprovements: 395,100
Severance Damages: 4]
Minerals —_—0
Total Lands and Damages (Rounded) $1,010,000
Acquisition/Admini. strative Costs
Pederal : 234,500
Non-Federal: 509, 000
Public Law 91-646 Payments 340,000
Contingencies (25%)* (Rounded) 524,000
Total 4 d Real K Costs (RD) $2,617,000

*A contingency of 25¢ is -estimated to cover uncertainties associated with such
elements as valuation variance, negotiation latitude, condemnation awards and
interest, and refi of b Y lines during ownership verificatiom.

21. ESTATES 70 38 ACQUIRED

Fee: The fee simple title to (the land & bed in Schedule A) (Tracts
Nos. _ ., ___ amd _ ), subject, however, to existing easements for public
roads and highways, public utilities, railroads and pipelines.

¥lood on Leves Ea t A perp 1 and ignable right and
easement in (the land described in Schedule —) (Tracts No. __, ___ amd _- )
to construct, maintain, repair, operate, patrol and replace a flood protectica
levee, including all appurtenances thereto; reserving, however, to the owners,
their heirs and assigns, all such rights and privileges in the land as may be
used without interfering with or abridging the righ and hereby
acquired; subject, however, to existing easements for public roads and
highways, public utilities, railrocads and pipelines.

Ch 1 Improv p H A l and assignable right and

to uct, . and ninu;n channel improvement words on, over
and across (the land described in Schedule A) (Tracts No. —_— — and __ ) for
the as horized by the Act of Congress approved

including the right to clear, cut, fell, remove and dispose of any and all
timber, trees, underbrush, buildings, improvements and/or other obstructions
therefrom; to excavate, dredge, cut away, and remove any or all of said land
and to place thereon dredge or spoil material; and for such other purposes as
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may be required in comnection with said work of improvement; reserving,

, to the , their heirs and assigns, all such rights and privileges
as may be used without interfering with or abridging the rights and easement
hersby acquired; subject, however, to existing easements for public roads and
highways, public utilities, railroads and pipelines.

y Area : A temp Y and right-of-way
in, on, over and across (the land described in Schedule ) (Tracts No. ___
and __), for a period mnot to exceed year(s), beginning with date
possession of the land is granted to the (Project Spomsor), for use by the
{Project Sp }, ita rep: ives, ag ., and as a
area, including the right to borrow and/or deposit fill, spoil and waste
material thereon and to perform any other work necessary and incident to the

construction of the Project, together with the right to
trim, cut, fell and remove therefrom all trees, underbrush, obstructions, and
any other g ion, str , or les within the limits of the right-

of-way; reserving, however, to the landowners, their heirs and assigns, all
such rights and privileges as may be used without interfering with or abridging
the rights and easement hereby acquired; subject, however, to existing
easements for public roads and highways, public utilities, railroads and
pipelines.

Temporary Disposal Area t A temp Y and right-of-way
in, on, over and across (the land described in dule ___) No. ___
and __), for a period not to exceed year(s), beginning with date
possession of the land is granted to the (Project Sponsor), for use by the

{Project 8p )., its P ives, , and as disposal
area, including the right to b and/or deposit f£ill, spoil and waste
material thereon and to perform any other work necessary and incident to the
construction of the Project, together with the right to trim,
cut, fell and remove therefrom all trees, underbrush, cbstructions, and any
other ion , O les within the limits of the right-of-
way; reserving, , to the land , their bairs and assigns, all such

rights and privileges as may be used without interfering with or abridging the
rights and easement hereby acquired; subject, however, to existing easements
for public roads and highways, public utilities, railroads and pipelines.

Road :+ A perp 1 and 3 ble and right-
of-way in, on, over, and across (the land described in dule __ )
No and __) for the location, construction, operation, i .

alteration and replacement of (a) road(s) and appurtenances thereto; together
with the right to trim, cut, fell, remove, and dispose of any and all. timber,
trees, underbrush, cbstructions, and other veg ion, str , or ob les
within the limits of the right-of-way; (reserving, however, to the owners,
their heirs and assigns, the right to cross over or under the right-of-way and
use the surface of the land as access to their adjoining land); subject,
however, to existing easements for public roads and highways, public utilities,
railroads, and pipelines. 4




380

. ¢t R tesporary and assignable and right-

of-way 1:, on, over, and across the land for a period not to exceed
year(s}, for the locatiom, construction, operaticn, wmaintenance, alteration,

replacement and use of an access road and appur i tog with
the right to plant thereon trees, grass, sh and t and 1
vegetation, to trip, cut, fell, remove, and dispose of any and all timber,
trees, und . icns, and other cn, st ' or cbetacles
within the limits of the right-of-way; reserving, h , to the . their

heirs and assigns, the right to use the surface of the land as access to their
adjoining land; subject, however, to existing easements for public' roads and
highways, public utilities, railrocads and pipelines.

23. REAL ESTATE ACQUISITION SCHEDULE

According to the draft Project Management Plan (PMP), land acquisition is
tentatively scheduled for initiation in ‘1999 with ion beginning in
2001. Construction will take approximately two years to complete. These dates
are preliminary and are subject to change.

as. REAL ESTATE PLANNING MAP

The real - Pl ing wap is incl d as Plates A-3 through A-5. The
mmmimmpnmxwaumuenmymmmm
Location Map is included as Exhibit B.

2S. CHART OF ACCOUNTS

- As requested by Plamning Division, the project real estate costs in the
mfomtmlhambcluutmlp:ojmeuu, cost for the Salinas
Ievee, mttwmmmmm:ummmwm.
Rioc Nigua at Salinas-Total Project

01 LANDS AND DAMAGES

01A00 PROJECT PLANNING £.20,000
01B-- ACQUISITIONS

01B20 BY LOCAL SPONSOR (LS) 285,000
01B40 REVIBW OF LS ~102.000
01C-- CONDEMNATIONS

01C20 BY LS —£0.000
01C40 REVIEW OF LS —15.900
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01E-- APPRAISALS
01E30 BY LS 150,000
01B50 REVIEW OF LS _.75.000
01F-- PL 91-646 ASSISTANCE
0120 BY LS 37,000
01F40 __REVIEW OF LS 18,500
01G-- TEMPORARY PERMITS/LICENSES/RIGHTS-OF-ENTRY
01620 BY LS ___4.000
01G40 REVIEW OF LS —1.000
01G60 DAMAGE CLAIMS —4.000
01MO0 PROJECT RELATED ADMINISTRATION

REAL ESTATE REVIEW OF PCA —2.000
O1R-- REAL ESTATE PAYMENTS
01R10 LAND PAYMENTS
01R1B BY LS ~1.010,000
01R2 PL 91-646 ASSISTANCE PAYMENTS
O1R2B BY LS 340,000
TOTAL REAL ESTATE COST EXCLUDING CONTINGENCY 52,093,500
TOTAL RRAL ESTATE CONTINGENCY COST £524.000
TOTAL PROJECT REAL ESTATE COST 52.617.000

Ric Nigua at Salinas-Salinas Leves

01 LANDS AND DAMAGES

01A00 ~ PROJECT PLANNING § 15.000
01B--  ACQUISITIONS

01820 BY LOCAL SPONSOR (LS) 240,000
01B40 REVIEW OF LS 96,000
01C--  CONDEMNATIONS

01c20 BY LS 60,000
01c40 REVIEW OF LS . 15,000
01E--  APPRAISALS .

01E30 BY LS 144,000
01ES0 REVIEW OF LS 72,000
O1lF--~ PL 91-646 ASSISTANCE

01F20 BY LS 37,000
01F40 REVIEW OF LS 18,500
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01G-- TEMPORARY PERMITS/LICENSES/RIGHTS-OF-ENTRY
01G20 BY LS

01G40 REVIEW OF LS

01G60 DAMAGE CLAIMS

01M00 PROJECT RELATED ADMINISTRATION
REAL ESTATE REVIEW OF PCA

01R-- REAL ESTATE PAYMENTS

01R10 LAND PAYMENTS

O1lRrR1B 3Y LS

01R2 PL 91-646 ASSISTANCE PAYMENTS
O01R2B BY Ls

TOTAL REAL ESTATE COST EXCLUDING CONTINGENCY
TOTAL REAL ESTATE CONTINGENCY COST

TOTAL PROJECT REAL ESTATE COST

Ric Migua at Salinas-Coco Leves

01 LANDS AND DAMAGES

01A00 PROJECT PLANNING

01B-~ ACQUISITIONS

01B20 BY LOCAL SPONSOR (LS)
01B40 REVIEW OF 18

01C-- CONDEMNATIONS

01C20 . BY LS

01C40 REVIEW OF LS

O1E--  APPRAISALS

01B30 BY LS

01ES0 REVIEW OF LS

01F-- PL 91-646 ASSISTANCE
01F20 BY LS

01F40 REVIEW OF LS

01G-- TEMPORARY PERMITS/LICENSES/RIGHTS-OF-ENTRY
01620 BY LS

01G40 REVIEW OF LS

01660 DAMAGE CLAIMS

01M00 PROJECT RELATED ADMINISTRATION
REAL ESTATE REVIEW OF PCA

3n
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01R-- REAL BSTATE PAYMENTS

01R10 LAND PAYMENTS

O1R1B BY LS

01R2 PL 91-646 ASSISTANCE PAYMENTS
oin2s BY 18

TOTAL PROJECT REAL ESTATE COST (RD)

Rio Wigua at .Sali /Disposal Areas

01 LANDS AMD DAMAGES

01A00 PROJECT PLANIING

01B-- ACQUISITIONS

01820 BY LOCAL SPOWSOR (L8)
01840 REVIEW OF LS

01C-- COMDEMMATIONS

01C20 BY LS

01C40 REVIEW OF LS

01E-- APPRAISALS

01K30 BY LS

01E50 REVIEW OF LS .

orP-- PL 91-646 ASSISTANCE
01r20 BY L8

01Pr40 REVIEW OF 18

01G-- TEMPORARY PERMITS/LICENSES/RIGHTS-OF-ENTRY
01G20 BY 18

01640 REVIEW OF LS

01660 DAMAGE CLAIMS

01M00 PROJECT RELATED ADMINISTRATION
REAL ESTATE REVIEW OF PCA

O1R-- REAL ESTATE PAYMENTS

01R10 LAND PAYMENTS

O1R1B BY LS

O01R2 PL 91-646 ASSISTANCE PAYMENTS
O1R2B BY LS

TOTAL REAL ESTATE COST EXCLUDING CONTINGENCY
TOTAL REAL ESTATE CONTINGENCY COST
TOTAL PROJECT REAL ESTATE COST
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APPENDIX F
ECONOMIC APPENDIX

1. INTRODUCTION
A. General

This appendix presents the description of the detailed study area along Rio
Nigua at the Municipality of Salinas. It includes the soci ic ch -
istics, the analysis of d p ial flood for existing (1995)
without project condition, the with project condition, and the benefits to be
derived with a project in place.

The appendix contains brief descriptions of field investigations completed
to define the study conditions, to assess the flood damages, and develop flood
control measures that would be necessary to alleviate the flooding problems. The
annual flood damages were determined using a risk-based approach. This analysis
utilized the @RISK software system in combination with a Lotus 1-2-3 template
developed by the Institute of Water ces. This P simlation model
was designed to determine the relatiomship between river stage and damage. It
utilizes sampling of a large nmumber of possible alternatives from a set of
probability distributions that incorporate the most significant uncertainties in
the evaluation.

B. Methodology, A ions, and ¢ ints

This part of the analysis p the ic ptions and hodology
used in computing average annual equivalent flood damages for the study area.

1. Plans were evaluated separately for two areas: the urban area of
Salinas including Salinas *Playa* and Coco community. Plans for each area were
justified by themselves.

2. For purpose of optimization of net Naticnal Economic Development (NED)
benefits, risk and uncertainty analyses was incorporated as part of the study
effort.

3. Total beneficial comtributions of each plan considered must exceed the
total adverse impacts, and one of the plans must waximize net NED benefits.

4. Preliminary and final plans were developed reflecting 1995 price
levels. The recommended plan reflects 1996 price levels.

5. Values of str and for all types of facilities in the
flood plain are estimated on the basis of field surveys, revision of appraisal
records in the area, constructiocn cost data from the Puerto Rico Permits and
Regulations Administration, and comparable data from recent completed surveys.
These values reflect 1995 price levels dep iated repl cost. They do not
include value of land or any premium caused by speculation in the market.

6. Damage curves used were developed using historical data om £flood
damages throughout the island.
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7. The "Depth versus Pe ge” relati ips used in this report for
residential properties are based on historical data from post flood damages. The
curves were compiled in 1984 and are still considered valid.

8. The damage curves for commercial and public structures and their
contents are based on historical damages and claims developed by a professional
for the Rio Puerto Nuevo area. Both of these sets of curves reflect typical
building and content losses.

9.Risk and Uncertainty analysis om hydrology, hy lics, and c
variables was undertaken to determine annual flood damages. The analysis does
not include uncertainty associated with costs estimates. The risk and uncer-
tainty in Salinas was performed using the @RISK software system in conjunction
with a Lotus-1-2-3 template.

10.The Latin Hypercube technique of sampling is used as the default
sampling type for the model since it converges faster on the true statistic of
the input distribution.

€. Socioeconomic Profile

The Municipality of Salinas is 1 d in the part of Puerto Rico,
33 kilometers east from the city of Ponce, the second largest in the island.
Salinas is territorially subdivided in six “"barrios” similar to wards: the
Aguirre, Lapa, Palmas, Quebrad: ) . Rio yes, and Barrio-Pueblo or urban
area. This urban area i the 1 busi district and older
housing sectors downtown with the new housing developments and the Playa sector
or coastal-area. Due to its location along the river, the business district,
wajor public facilities, and old residential developments experience serious
tloodingprobl-.uamuotrimf’“,city ion has
" d ds the of the northeastern sector along PR
Highway 3 and Highwey sz.

1. Populakicn. According to the 1990 US Census of Populaticn and Housing,
tae total population for Salinas was 28,335, a 7 percent increase from 1980. The
population is expected to grow to 30,374 in the year 2005 (see Figure F-1).
Urban population D! 47 p of the mumicipality’'s total populatiom,
while the rural area contains S3 percent. Median age was 26 years. The Playa

is infl d by a “fl i tourist population during weekends attracted
by mitiu at the beaches and the boating facilities. This activity is mostly

d to the hern and part of the Mmicipality of Salinas.

2. Employment. According to the June 1995
Newsletter, the civilian labor force in the Municipalities of Salinas, Guayama,
Patillas labor area was 29,500 persons. Most of the employment is centered in
the public administration sector with 38.7 percent, followed by agriculture with
21.7 percent of the total. Manufacturing accounts for 16.5 percent of the jobs
in this area. Trade and services account for 12.6 and 7.0 percent of the labor
force, respectively. The ing for 48 percent or
14,200 workers. The unemployment rate %is 21.9 percent. This is much higher than
the island’s rate, which is 12.8 percent for the same period of analysis (see
Table F-1 and Figure F-2).

382



Population (1000)

394

POPULATION IN MUNICIPALITY OF SALINAS
1970 TO 1990 AND PROJECTION FOR 2005

35

30 ...........................................

Y]

n
o

15

10 N

1970 1980 1980 2000 2005

Year

Projection provided by the P.A. Planning Board, Bureau of Census

Figure F-1

383



395

z-4 einbig
sesinosey uvWnK puv ioquT jo Wewpedeq "Hd 02105

ORI

9393, X
EXXAXXRRA

G661 lequeaoN jo se sebejuadied

HOL103S A9 LNIWAOTdIN3

384



396

TARLE P-1
DISTRIBUTION OF EMPLOYED PEOPLE BY MAJOR ECONOMIC SECTOR
AS OF JUNE 1995
(Salinas, Guayama, and Patillas Labor Area)

Total Labor Porce 29,500
Bwployed 23,000
Unesployed 6,500
Unesployed Rate 21.9%

Distribution: 1
Manufacturing 3,800
Noomanufacturing 14,200

Construction - 320
Transportation, Communications, etec. 130
Trade 2,900
Pinance a0
Sexvices 1,620
Governmant 8,900
Agriculture and Related 5,000
3. Infxastructurs. The 1 b Salinas and the
Metropolitan Area of Ponce and San Jusn is one of the wost important facilities
of the area. X PR-53 this town directly with San Jusn and
Ponce .
Also, cne of the 1 i facilities of the Puerto Rico
Electric Power Authority is 1oe-tul in u:- mmicipality of Salinas. This plant
v app! ly 35 p of the total electric power capacity of Pusrto

Rico (estimated in $2,600 Il'). In addition, the town of Salinas is connected
directly to the Guayams Regional Waste Water Treatment Plant with a capacity of
10 MGD.

11. EXISTING CONDITIONS
A. General Flood Plain Characteristics . M
The flood plain of Rfo Nigua at Salinas comprises 625 acres of developed

urban land, 32 acres of undeveloped urban land, 248 acres of prime agricultural
land, and approximately S0 kil of and highways. A total of 3,022
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residential units and AR ind ial park sing 16 buildings are also
atfected by flooding. The flood plain is a predominantly flat area with a
gradual elevated slope tO the northwest away from the river. Approximately 90
percent of the city or “pueblo® of Salinas lies within the flood plain. Most of
the major commercial, industrial, and public activity of the town is disrupted
during flood events.

B. Detailed Study Arvea and Reaches

The detailed study area is divided into two damage reaches for purpose of
economic analysis, plan formulation, and evaluation. See Plate 1 at the end of
this ic dix for deli ion of hes. The total area encompasses
approximately 3,400 structures of all land uses, major ion ’
parks, and hcalth services centers.

Reach 1, the d portiom, ds from the coastline and ends just
south of PR Highway S52. This reach includes the coastal commmity known as
*Playa-Salinas,” the downtown residential zome of the city, and the business and
industrial . The up portion, Reach 2, ds along PR Highway 1 and
includes Coco commumity. Refer to Table F-2 and Plate F-1 for further details.

TAELE P-2

REACHES AND NODES FOR ECOMOMIC AMALYSIS

REACH DESCRIPTION OF SECTORS

Coastal area, core of town; residential, commercial,
public, nomprofit, utilities, streets and highways; land

1 1-2-3-5 | uses included in each sector.
4 ial area in hern part of town
2 1-6 Coco community: land uses include residential,

commercial, public, nomprofit, utilities, and streets.

C. Inventory of Property Subject to Flooding

In this report, property subject to floodi is ized into land use
categories which prevail along Rio Nigua at Salinas. Further on, this property
was aggregated into major groups for risk analysis.

1. Residential. In Reach 1, app ly 2,342 idential str
are flooded by the 100-year flood. These are distributed in different types of
residential developments: single-family housing detached with about 1,191 units
of reinforced concrete structures, 98 units of row housing apartments, and
approximately 311 units of single-family housing scattered in the inner town
area. These structures are built mostly of concrete and some of mixed concrete,
wood, and frame materials. In the coastal area, “Playa Sector,” there are about
742 structures of reinforced concrete and mixed concrete and wood. Most of the
residential develop s are with the same design utilized for
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building each house. Most structures have 3 bedrooms and one bathroom with
living, dining room, kitchen, and carport for 1 car. In the downtown area
residential structures are smaller in size with minor variations in construction
size and materials. Size Of the lot varies from 280 to 450 square meter. About
75 percent of the families affected belong to low-to-middle income groups. In
Reach 2, at Coco community. there are app imately 680 f£looded by the
100-year flood.

Coco commnity was initially developed by the government as a rural
commumity with lots ranging in size from 900 square meters to 2,000 square meters
provided free of charge. This land distribution was done with the purpose of
agricultural subsistence of the families residing in the original 3 bedrooms/1
bath structures with an average size of 600 square feet. This initial housing
development has evolved and 2 to 3 housing structures can be found in the same
lot with relatives living in detached units. Most of the structures {(over 95

) are of reinfi Table P-3 illustrates the total number of
reudcn:;ll structures affected by the 100-year flood and their associated
structure and content value.

TABLE F-3

FROPERTY SUBJECT TO FLOODING
RESIDENTIAL IAMD USE

NUMBER OF AVERAGE AVERAGE
REACH SBCTOR STRUCTURES | STROCTURE VALUE| CONTENT VALUE
1 Coastal Area 742 24,500 7,800
Town South 327 36,200 9,500
Town Core 44 28,700 7,700
Town Periphery 12 32,000 8,700
TOTAL REACH 1 3,342 29,300 8,200
2 Coco Ward (upstream) 680 23,500 7,800
182 TOTAL DETAILED STUDY AREA] 3,022 28,000 7,800
2. Commercial. ly 259 ial are flooded in the

detailed study area; 225 are located in Reach 1 and 34 in Reach 2. These
businesses were arranged into categories according to the type of activity, the
merchandise, equipment, and services offered. Similarities in the display of
content is another criteria used to ize the Por value,
field data was obtained from flood plain occupants th:ough interviews performed
during 1994 and 1995. The description of the various commercial categories
follows:

a. Categoxry 1. Professional services offices, general merchandise
outlets, miscellaneous retail stores, auto parts stores, sporting goods stores,
drugstores, electrical equipment stores, food stores, auto services outlets, and
apparel and accessories stores. There are a total of 117 retail stores in
Reach 1 and 17 in Reach 2.
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b. Category 2. Personal and business service outlets. Thirty-five of
these cutlets are located in Reach 1 and only 1 in Reach 2.

c. Catagory 3. Eating and drinking places, repair services shops, and
small building waterials distributors. There are a total of 62 of these outlets
in Reach 1 and 15 in Reach 2.

d. Category 4. Auto dealer business. There are four of these
businesses operating in the wbax core (Reach 1) and 1 in Coco commmity
{Reach 2).

e. Catagary €. Finance institutions and real estate offices. Four of
tham are 1 d in the & of Balinas (Reach 1) and one in Coco commmity.

f. Category 7. Warehouses. These are large commwercial establishments
oriented toward serving the whole mmicipal population and smaller retail
outlets. One of these outlets is located in downtown Salinas.

Table F-4 shows the distribution of al bli ffected
by floods in each reach by major al v and £ of floodi
TABLE P-4
‘PROPERTY SUBJECT TO FIOODING
COMMERCTAL STRUCTURES
Emosedance Frequency (Years)
Type of Business 10 | 25 | so | 100 | ser
WEACE 1
1 25 40 ) 117 117
Categery 2 s 12 17 20 36
3 12 13 1 62
4 4 4 S
C 3 4 4
7 1 1 1
Total Resch 1 o [ 218 228
EACH 2

1 16 16 16 17 17
Category 2 1 1 1 1 3
y 3 14 14 14 15 15
Category 4 1 1 1 1 1
Total Reach 2 32 32 32 3 3
TOTAL DETAILED STUDY AREA 78 7 124 | aso | 258

3. Public. The public category comprises all facilities operated by the
Commonwealth and wmmicipal governments. In the Reach 1 it includes schools, a
public health center, a Police Department ters, & p 1 baseball
stadium, government offices center, U.S. Post Office, Salinas Museum, civil
Defense Offices, town square, City Hall offices, and other facilities typical of
the urban core. 1In Reach 2, the Coco community, the facilities included are
schools.
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4. Nooprofit organizatigona. This category groups private schools,
churches, a center for the elderly, and a political party office. Table F-5
shows total public and nomprofit facilities affected by flooding.

TABLE F-5
PROPERTY SUBJECT TO FLOODING
PUBLIC AND WOMPROFIT STRUCTURES AND FACILITIES

EXCEEDANCE FREQUENCY (YEARS)
LAND USE 10 | 25 | so | 100 SPP

REACH 1
Elemsntary Schools 23 19 23 23 23
Head Start Facility 4 6 6 6 6
Public Administration Pacilities 19 42 50 S0 2
Public Works Offices 2 2 2 2 1
Public Cemetery Pacilities 1 1 1 1
Intermediate High Schools 13 20 20 20
Church 13 13 2
Other Monprofit Facilities 2 2 2
TOTAL REACH 1 38 83 117 117 117

XRACE 2
£l y Schools 7 7 7 ki 3
Church 3 3 3 10
TOTAL KEACE 2 7 10 10 10 10
TOTAL PUBLIC AMD NOWPROPIT FACILITIRS 45 93 127 127 127

S. Itilities. Included in this category for the urban sector and Playa
arsa are: an electrical substatiom, utility structures of the Puerto Rico
Electric Power Authority {(PREPA), and a telephone central station of the Puerto

Rico Telephone Company (PRTC).

This Yy alsc includ the water, telephones, sewage, and electric
power lines and meters within the study area. Ko detailed data is available on
the specific number of such facilities; therefore, they are mesasured on the basis
of acreage of land developed.

6. Industrial. An industrial park which consists of 16 structures subject
to floodi are 1 d in the part of the urban sector. Some of the
principal concerns located at this park, by occupancy, are indicated below:

Total Area

Indust: (Sg. Peet)
Westinghouse, ABB, PR Inc. 44,843
ALTAMADELTA PR 22,656
COTTET Optical Corp. 26,275
Steri-Tech, Inc. 22,672
Plasticon, Inc. 22,553
Universal Plastics 11,240
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7. Highways and strs This gory includes all sidewalks, roads,
highways, and streets in the flood plain area. Kilometers of affected streets
and highways by flooding were d from flooded area maps developed for this
study. Approximately 22.9 kil are aff d by the 100-year event in

Reach 1 area and 12.3 kilometers in Reach 2. Refer to Table F-6.

PROPERTY SUBJECT TO FLOODING
KILOMETERS OF STREETS AMND HIGEWAYS

EXCEEDANCE FREQUENCY (YEARS)
TYPE OF ROAD

s 10 25 50 100 4

REACHE 1
Streets [ 1.4 6.8 15.0 21.2 22.0
Highways [ 0 1.1 1.7 1.7 1.9
Total Reach 1 [] 1.4 9.9 17.2 22.9 23.9

REACH 2
Streets 7.7 8.6 9.6 9.6 9.6 9.6
Bighways 2.2 2.7 2.7 2.7 2.7 2.7
Total Reach 2 9.9 21.3 12.3 12.3 132.3 12.3
TOTAL STUDY AREA 9.9 12.7 23.3 29.5 35.2 36.2

8. Agziculture. Rio Nigua at Salinas floods a large agricultural area
East and West of its banks. Until recently the entire valley was a sugar cane
plantation. Presently, some of the land is used to grow a variety of vegetables.
The Department of Agriculture and private owners have plans to continue use of
this prime agricultural land. Rast of the river bank and south of the urban area

of town there are 248 acres that will be p d by the prop d project.
B. of perty Values
Values of st and for all types of facilities within the

flood plain are estimated on the basis of field visits, revision of appraisals
records in the area, construction cost data from the Puerto Rico Permits and
Regulations Administration, and comparable data from recent completed survey
reports such as the Rio de la Plata Limited Reevaluation Report (Jacksonville
District 1992) and the Rio Grande de Arecibo Survey Report (Jacksonville
District. 3993). Values reflect 1995 price level replacement costs and do not
include land values.

a. Residential. Residential content values were determined

field investigations. A statistically determined random sample was obtained from
each- of the residential developments of the study area. Average and standard
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deviation of the values Obtained were i d for each sector. The
values represent depreciated replacement costs at 1995 price levels. Homogeneity
of design of structures and income group families in these sectors allowed for
the use of average figures to esti total str and values.

b. Other land ugeg. Content values for commercial, public, nomprofit,

and utilities were obtained through a field investigation conducted on 100
percent of che uublilmu within the study area. The values for ma

ies P depreciated cost of replacement at 1995

price lavnl-

. Other property (external to main atructure). This property refers
to lawns, yu'ds parking areas, fences, automobiles, and other facilities outside
the main structures. Values for this property were obtained through field visits
and were integrated with the various land uses.

111.DEPTH-DAMAGE RELATIONSHIPS

Depth-d relationships for the residential, commercial, and public land
uses developed for the Rf{o Puerto MNuevo Survey Report (Jacksonville District,
1984) and the Rio Cibuco Detailed Project Report (Jacksonville District 1982)
were utilized to i £lood for existing development. Damage curves
were developed using historical data on flood damages throughout the island.

Depth-damage curves on a percentage basis were developed for the
residential and commercial land uses and for public schools. Available

historical damage data for le areas the island allowed the
establishment of relati b depth of water and perc.ntlgc dmge
ial to st and for residential, ial,

facilit;u Such data were not available for some land uses and the dcpf.h damage
relationships were established on an absolute basis from information provided by
representatives of those land uses.

1. Residential. To & i the damag ptibility of residential
structures, the actual to 250 e st Puerto
Rico during the floods of Elcise (1975) were analyzed. The data was obtained
from the Damage Survey Reports (DSR) of the FPederal Disaster Assistance

Administration known today as the deral Agency (FBMA).
Damages were repaired under the Mini Repair ) of that . For each
residential structure, the cost of replacing or repairing the lttucl:ural damages
was divided by the total estimated value of the str a -least-
squares curve of the per: of str 1 rela:ed to the dcpth of
water was fitted to the data. The curve was used to d i str 1

to all residential structures within the flood plain. Most of the structural
damages are to the following categories: electric system, plumbing system,
windows, doors, air conditioning units, water heaters, kitchen cabinets, built-in
stoves and ovens, bathroom fixtures, wall-to-wall carpeting, paint, and other
furnishings. The foundations and the structures do not suffer significant
damages because they are built of reinforced concrete. These are affected mostly
in areas near the river banks where velocities are significant. Due to lack of
data, relationships between velocities and damage potential could not be
developed and were mnot considered. To determine residential contents damage
susceptibility, actual damages to contents in 30 residential structures in the
Puerto Nuevo area during the 1977 flood were analyzed. These data were obtained
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from the Small Business Administration records on disaster loans to residents in
the area and from records Of flood insurance policy claims from the National
Flood Insurance Program (NFIP). The value of contents damaged was divided by
estimates of the total vllue of contents, and a minimum-least-square regression

of per of Q' to p of water was fitted to the data.
This curve was then used to d 4 d from dif £lood ges to the
of resid by the flood plain. The historical depth of water

was obtained from the U.5. Geological Survey records and from residents of the
area. The curves were updated in 1987 using actual flood damages to 98 housing
structures from the 1985 floods along the Rio Cibuco. On the basis of field
surveys, average structures’ first floor elevation is generally taken to be about
0.15 to 0.30 meter for residential areas. Refer to Figure P-3.

2. Commercial establishments. Curves derived for the various categories
of commercial establishments for the Rfo Puerto Nuevo area were daveloped by a
professional appraiser with considerable experience in investigating claims under
the National Flood Insurance Program (NFIP).

Average damages in terms of a percentage were determined by the analysis of
claims under the NFIP. Empirical data were used to develop damages for flood-
waters of a depth less than 1.2 meters. Percentage figures for damages occurring
at depths over 1.2 meters were estimated by the appraiser on the basis of
profeasional judgment. u:hough similar in nature, different types of businesses
show different since the merchandise is displayed
differently. For commercial facxlitm, major structural damages consist of the
electrical system, plumbing facilities, doors, windows, air conditioning units,
and other furnishings. These relationshipe are indicated on Figures F-4, F-5,
F-6, F-7, F-8, and F-9.

In some instances a total loss at depths of 1.2, 2.1, or 2.4 meters has
been considered. In other cases total loss does not occur at this depth. The
average floor-to-ceiling height in an jal building is between 2.4
and 3.1 meters, whxleo:hertypuotbusimmhvehighnrceuingsandm
property is stored or placed above 2.4 meters.

3. Public buildings and offices. i to str and
contents of public buildings and offices were ascertained using the depth-damage
relationship developed for elementary schools. For school buildings, data
provided by the Superintendent of Schools, the school directors, the Public
Buildings Authority, and the Puerto Rico General Services Administration were
used to develop basic depth-d relati hips . Refer to Figures F-10 and
F-11.

4. Nopprofit organizations. Damage potential to the structures and
contents of these facilities are shown in Figure F-12.

S. Utilities. Cleanup and repair costs for water; sewage; electric, gas,
and teleph lines; ; and power staticns were estimated at $2,000 per
4,000 square meters of developed land in the flood plain. These figures are
based on field observations and discussions with representatives from the various
utilities companies.

6. Highways and streets. Damage to highways and streets were estimated
applying a percentage of the cost of repair per kil to the of kilo-
meters flooded for each flood frequency analyzed. Damage per kilometer was
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DEPTH DAMAGE RELATIONSHIP
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developed through discussions with officials of the San Juan Regional Office of
the Department of Transportation and Public Works (DTPW). Analysis of current
highway construction and repair costs were obtained from a variety of sources.
In accordance with the DTPW, the total cost of repairing a badly damaged two-lane
highway is $79,600 per kilometer. Damages to highways during the SPF, 100-, 50-,
25-, and 10-year flood events were estimated at $64,000, $48,000, $32,000,
$16,000, and $8,000 per kil . jo ively. D to streets were
estimated at S0 percent of the highway damage per kilometer.

Iv.RISK-BASED ANALYSIS
A. Overview

1. Intxoduction. The R{o Nigua at Salinas existing conditions, the flood
plain inventory by reach and land use, the valuations for the structures listed
and described with their average assessed values are the basis for the analysis
of risk and uncertainty. The framework regarding uncertainty on economic,
hydrology and hydraulic estimates was undertaken following guidance of
EC-1105-2-205 of June 30, 1992. Risk and uncertainty underlying hydrology and
hydraulic estimates are discussed in Appendix A (Hydrology and Hydraulics) and in
the main report. The analysis does not include uncertainty associated with costs
estimates. The @Risk analysis and simulation add-in for Lotus 1-2-3 was used in
this analysis along with a stage-damage worksheet designed by the Institute of
Water Resources (IWR) adapted to the conditions of the study area.

EC-1105-2-205 defines the risk-based analysis framework as an approach to
evaluation and decision making that explicitly and to the extent practical,
analytically incorporates considerations of risk and uncertainty. In this
framework it is recognized that the true values of key planning and design
variables and parameters are frequently not known with certainty and can take a
range of values. One can describe, however, the likelihood of a parameter taking
a particular value by a probability distribution. The probability distribution
may be described by its own parameters, such as mean and variance for a normal
distribution. In an analytical manner, the risk-based framework is an approach
to combining the underlying risk and uncertainty information expressed in terms
of probability distributions.

2. Riak- i . The methodology related to risk
and uncertainty involves the technical task of balancing the risk of exceeding
the design height of the levee with flood damage prevented, uncertainty of flood
levels with design accommodations, and providing with safe, predictable project
performances. The analytical process involves the basic task to formulate and
evaluate flood damage reduction project alternatives that provide protection that
is appropriate and acceptable.

In the case of the economic estimates, the stage-damage relationship is
shown as a probability function which incorporates possible statistical error in
damage for a given stage. This uncertainty is represented by a probability
distribution of damage error about stage-damage curves. Other variables in which
uncertainty in data exists were considered in the generation of stage-damage
curves for the Rio Nigua at Salinas. These areas are: 1} structure values,
2) content values, 3) structure's first floor elevations, and 4) depth-percent
damage curves. These are further discussed below in this appendix.
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3. Stage damage curve. The stage damage curve utilized for each land use
is a summary statement of the direct cost of flood water inundation for a
specified reach. The various sources of risk and uncertainty in the individual
stage damage curves are combined to determine the overall risk and uncertainty
associated with the posite stage d curve.

4. Simulation methodology. As was described above, this analysis on Risk
and Uncertainty in the Rio Nigua at Salinas study area was performed using the
@RISK software in conjunction with a Lotus 1-2-3 template. The spreadsheet for
each reach is comprised of structure values, first floor elevations, depth-
percent damage curves, a range of elevations used in simulating stage-damages
(simulation table) and the maximum and minimum truncation limits for each risk
variable. This computer simulation model determines the relationship between
river stage and damage by sampling a number of possible alternative conditions
from a set of probability distributions which incorporate the most significant
uncertainties in the evaluation. In the case of the Rio Nigua at Salinas study
area, two economics R&U matrices were used for Reach 1 (the urban area) and one
for Coco community as follows:

R&U Matrix Description
Reach 1 - Playa/Salinas 1. Residential , Commercial, and Autos
2. Industrial, Public, and Nonprofit

Reach 2 - Coco Community | All land uses included: residential,
commercial, public, and nonprofit; and autos

Structure values are assumed to have a normal distribution with a mean
value equal to the structure’s depreciated replacement value. The distribution
of structure values is confined to an error of plus/minus 3 standard deviations.

The content value with uncertainty was determined by surveying a sample
drawn from each reach and node in the detailed study area. The uncertainty
associated with structure and content values were combined with the appropriate
depth/damage relationship to determine structure, content, and total damages for
each flood elevation analyzed.

B. Risk Variables

Uncertainty was also quantified for error in the underlying components of
the stage damage curve: structure values, contents value, first floor elevations
and depth-percent damage. Structure values and content values for all types of
facilities within the flood plain were estimated as described in section 1.b. of
this appendix. Values reflect 1995 price level depreciated replacement costs and
do not include land values.

1. Sample size for residential land use. A proportional random sample of
the residential property subject to flooding in the Salinas flood plain was drawn
from the population of each of the nodes in both reaches. Since some of the
nodes produce a larger portion of the total damages than others, it was
considered appropriate to include this fact in the computation of the sample
size. The sample size for each node was selected proportional to 50 percent of
its share to the total damages that were developed during the Reconnaissance
stage of this study. Table F-7 indicates the results of the procedure.
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TABLE F-7
PROPERTY SUBJECT TO FLOODING
RESIDENTIAL SAMPLE

REACH SECTOR Sample
Size

1 Coastal Area 12

Town South 13

Town Core 12

Town Periphery 13

TOTAL REACH 1 50

2 Coco Community 11

1&2 TOTAL DETAILED STUDY AREA 61

To verify that the sample size selected was adequate, the formula for size
of sample with 95 percent probability was applied utilizing the standard
deviation for structure values obtained from data of the reconnaissance
investigation. The information is still valid since physical development at
Salinas is constrained due to the flooding problem. At that time the total flood
prone area was surveyed for land uses and structure sizes. The survey (total
population) provided a source of information concerning average structure sizes
and average structure values. Based on this survey, areas with common
characteristics (structure sizes, building materials, topography, etc.) were
identified and grouped intc nodes. It is common practice in Puerto Rico for
developers to build a large number of residential units based on two, or at most
three, structural models. In Salinas, for example, at Las Margaritas residential
development, there are 327 housing units with two basic designs in terms of size.
Similar conditions follow for “La Arboleda* with 224 units, “La Monserrate* with
162, and “Las Marfas” residential development with 128 units for a total of 841
residential units comprising only 3 different designs in terms of size and same
type of building material (reinforced concrete). It is evident that a small
sample at these locations would be adequate to determine the mean and standard
deviation of these structures.

A range of $8,000 to $11,000 was found as the standard deviation of
structure values for the whole basin. Computation of a sample size using those
numbers, and an acceptable error of $3,000 in the estimate, yield sample sizes
that are always lower than the estimates using above procedure for a probability
of 95 percent.

The sample applied for residential structure values, was also used to

investigate residential contents. Average values and standard deviations are
indicated in Table F-8.
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TABLE F-8

RESULTS OF RESIDENTIAL SAMPLE SURVEY

REACH 1
Structure Value Content Value
Average Std. Dev. Average Std. Dev.
Coastal Area 24,500 4,600 7,800 2,800
Town South 36,200 9,700 9,500 3,000
Town Core 28,700 9,400 7,700 2,700
Town Periphery | 32,400 10,700 8,700 2,900
REACH 2
Coco Commmity [ 23,500 | 7,000 | 6,400 | 1,800

2. FEirst floor elevation. The structure’'s elevation (first floor) above
adjacent ground was measured for the surveyed sample. The mean value developed
for every node was combined with the aerial topographic survey prepared for the
study area (same used for the H&H analysis) to determine structure’s depth of
flooding . A standard deviation of 0.3 feet is associated to this type of
surveying method.

3. Commercial land use. Assessed values were used for each commercial
structure. There is a vast range of structure sizes for the same category of
commercial business in Salinas. Mean structure values were computed based on
information (pertaining to physical condition and age of structure) obtained from
the field data supplied by occupants during the surveys, and valuations from
local appraisers. A mean value of structure was estimated for each sector. A
standard deviation was computed by grouping all commercial structures of the
reach. A value of approximately five percent deviation from the mean was
obtained for the standard deviation of commercial structure values.

As indicated in part III of this report, approximately 250 commercial
establishments in the Rfo Nigua detailed study area are affected by the 100-year
flood. These businesses were grouped into 6 categories. Refer to Table F-4.
Average content values for each of the categories analyzed in this report were
obtained from the total population, as indicated above. Analysis of content
values for the same category of business (for which depth damage curves have been
established), results in a standard deviation that departs approximately 20
percent from the mean value of the total universe of commercial establishments in
Salinas.

4. Public and nonprofit facilities. The total population of the public
and nonprofit facilities in the study area were surveyed. Mean structure values
for these facilities are based on information obtained in the field, data
supplied by the organizations, and valuations based on construction data from the
Puerto Rico Permits and Regulations Administration. Standard deviations are based
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on computations from the results of the survey. They are approximately S percent
of the structure value. Averages and standard deviation values for contents
were also computed based on the results of the field survey. The deviation
obtained approximates 10 percent of the mean value for contents.

5. Industrial facilities. An industrial park comsisting of 16 structures
is located in the southern part of the urban sector. These buildings are owned
by the Puerto Rico Industrial Development Company. The facilities are leased to
the firms that are established in the park. Structure values for all of the
facilities were provided by the government agency mentioned above. Average
structure values and standard deviations were determined using the information
provided.

The total of the industrial plants located at Salinas were surveyed for
content value (inventory plus machinery and equipment) and depth damage
relationships. Average contents value and standard deviations for thig land use
were computed utilizing the data provided by the industries involved. After all
the firms were analyzed and depth-damage was established for each, an aggregate
relationship for the contents of the entire industrial park was generated.

€. simulation par S . The following confidence interval and
truncation limits were assigned to the inputs of the spreadsheets representing
the two reaches in the flood plain for the simulation process. Truncation limits
represent a minimum/maximum range for a random variable that may differ from the
range indicated. These limits are needed to keep the model from calculating
unrealistic values.

The truncation limits for the structure’s first floor elevations and
structure values were set at plus/minus 3 standard deviations. Limits of the
content to structure value ratio ensures that the sampling process will not
accept values of content for which its ratio with respect to any structure value
drawn would be negative. Truncation limits set for the structure depth-damage
percent presume that damage to the structure could range from -10 percent to +10
percent of the damage at any particular stage during the simulation process,
assuming the structure would have some salvage value. Content depth-damage
percent truncation limits were also set at + 10 percent.
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Sensitivity analysis was performed with

500, 1,000 and 1,500 interactions. Based on the compatibility of results, 1,000

iterations were selected for each simulation of the model.
simulations are established at 14 for Reach 1, and 15 for Reach 2.

C. Stage Damage Simulation Results

The number of

The combined mean damages and standard error of damages at different stages
for the 6 categories of property analyzed are indicated in Table F-9 for Reach 1,

and Table F-10 for Reach 2.

TABLE F-9
FLOOD DAMAGES ESTIMATES
WITHOUT PROJECT CONDITIONS
REACH 1
(Town and Coastal Area)
Stage Mean Damage SD of Error
(meters) {$1,000) ($1,000)
1.04 0.10 0.20
1.65 0.40 0.40
2.26 423.00 89.40
2.56 4,921.20 522.20
2.87 11,129.70 914.00
3.02 16,179.50 1,143.00
3.17 21,821.00 1,347.80
3.32 28,329.00 1,548.60
3.48 34,422.00 1,665.00
3.78 42,357.70 1,925.50
4.09 49,011.70 2,211.70
4.70 57,526.10 2,706.50
5.61 60,946.20 2,959.60
6.83 60,946.40 2.959.60
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TABLE F-10
FLOOD DAMAGES ESTIMATRS
WITHOUT PROJECT COMDITIONS
REACH 2
(Coco ¢ ty)
Existing Conditions
Stage Mean Damage 8D of
(meters) ($1,000) Error
{$1,000)
35.61 0 0
35.81 53.44 11.25
36.28 1,131.92 129.60
36.77 3,252.66 237.70
37.07 4,773.94 312.07
37.44 6,343.68 376.00
37.68 7,339.25 426.22
38.80 7,745.01 448.26
38.0S 8,482.01 485.13
38.26 9,166.07 522.68
38.66 9,893.75 559.94
38.96 10,158.55 576.78
39.27 10,274.32 586.07
39.73 10,432.59 $99.89
40.18 10,432.96 $99.96
D. Other Categories of Benefits
In addition to the d ies di under section IV-B above,

other categories of benefits investigated included employment, advanced bridge
replacement, agricultural, and flood insurance administrative costs saved.

These benefits, however, were analyzed after identifying the NED plan and
were computed utilizing the traditional EAD methodology. Following is a
description of each one of these benefits:

1. Employvment bensfit. The basis for considering employment benefit is
contained in ER 1105-2-100 which is quoted in part. “Benefits from use of
otherwise unemployed or underemployed labor resources may be recognized as a
project benefit if the area has substantial and persistent unemployment at the
time the plan is submitted for authorization and for appropriations to begin
construction. Substantial and persistent unemployment exists in an area when:
(1) the current rate of unemploy , as d ined by the appropriate annual
statistics for the most recent 12 consecutive months, is 6 percent or more and
has averaged at least 6 percent for the qualifying time periods specified in
subparagraph (2) below, and:
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(a) so0

percent above the national average for three of the preceding 4 calendar years,
or (b) 75 percent above the national average for two of the preceding three
calendar years, or (¢) 100 percent above the national average for one of the

preceding two calendar years.”

Unemployment Statistics:

Year Puerto Rico U.S.A
1992 16.7 7.4
1993 17.1 6.8
1994 14.9 6.1
1995 13.7 5.6

Unemployment rate in Puerto Rico as of date of report:

126
151
144
145

Percent Above National

14.6 percent

Unemployment rate at Salinas-Guayama-Patillas lLabor Area for same

period: 23.9 percent.

Tables F-11 and F-12 show the employment benefits for each one of the

damage reaches.

TABLE F-11

EMPLOYMENT BENEFITS COMPUTATION - FOR REACH 1
{Town and Coastal Area)

[Contract Construction & Mgt. Cost $6,374,600
Construction Period - Months 12
[Wages and salaries (20%) $1,274,920

Constructicn Schedule (%) Month 3 Month 6 | Month 9 | Month 12

30 30 20 20
[Wages and Salaries Per Period 382,476 382,476 | 254,984 | 254,984
IDistribution by Category of Workers
Skilled (60%) 229,486 229,486| 152,990 152, 9904
Unskilled (10%) 38,248 38,248 25,498 25,498
jOthers (30%) 114,743] 114,743 76,495 76,495
mlagea to the Unemployed
Skilled (20%) 45,897 45,897 30,598 30,598
[Unskilled (80%) 30,598 30,598 20,398 20,399
jothezrs (50%) 57,371 57,371 38,248 38,248
Subtotal (Benefit Claimed) 133,867| 133,867 89,244 89,244
Worth of Benefit at End of Constructicn * 141,451] 138,877 90,899 89,244
[Total Benefit at End of Construction Period 460,471
[Equivalent Annual Benefit: # $36,025
[Notes: * Annual Interest Rate = 7.625%
# Amortized at I = 7.625% for 50 Years
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TABLE F-12

(Coco Commmity}

EMPLOYMENT BEMEFITS COMPUTATION - POR REACH 2

CONTRACT CONSTRUCTION & MGT. COST ' $2,392,200
CONSTRUCTION PERIOD - MONTHS 12

WAGES AND SALARIES (20%) § 478,440

Month 3 | Month 6 | Month 9 | Month 12
CONSTRUCTION SCHEDULE (%) a0 30 20 20

WAGES AND SALARIES PER PERICD 143,532 [ 143,532 | 95,688 | 95,688
Exsmzmxm BY CATEGORY OF WORKERS

SKILLED (60%) 86,119 86,119] 57,413 57,413
JONSKILLED (10%) 14,353 14,353] 9,569 9,569
oTHERS (30%) 43,060| 43,060] 43,060 43,060
[WAGES TO THE UNEMPLOYED

sxriieD (20%) 17,224 17,224 11,483 121,483
JUNSKILLED {(80%) 11,483 11,483] 7,655 7,65
joTHERS  (50%) 21,530] 21,s30] 14,353 14,353
SUBTOTAL (BENEFIT CLAIMED) 50,236 50,236] 33,491| 23,491
||[HORTE OF BENEFIT AT END OF CONSTRUCTION + 53,083 52,116] 3¢,112| 33,491
[TOTAL BENEFIT AT END OF CONSTRUCTION PERICD 172,801

[EQUIVALENT AMNUAL BENEFIT: # $13,519

[Notes: * Annual Interest Rate = 7.625%

# Amortized at i = 7.625% for S0 years

Total employment benefits claimed:

Reach 1 Reach 2 Total

$36,025 $13,519 $49, 544
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2. advance bridge raplacement Rensfit. If a railrcad, highway, street, or
pedestrian bridge is replaced as the result of a flood control project, a benefit
can be claimed to at least partially offset the cost of replacing the bridge.

dv bridge repl benefits are taken for the period that the useful life
of the bridge is extended by the project. Table P-13 shows computation of the
bridge replacement benefit.

TABLE F-13

ADVANCE BRIDGE REPLACEMENT BENKFITS COMPUTATION
($1,000 of November 1996)

Bridge Identificaticn

Location: Salinas

River Intersected: Nigua

Bridge No. 21

Road No. PR1

Year Built: 1939

Last Evaluation: 1990

P . Indication is that the bridge will

Benefit evaluation procedure in accordance with NED Procedu Manual Chap 11,
page 25.

1 Cost of New Bridge $827,100
2 Life of New Bridge 50
3 Remaining useful life of existing bridge at time of replacement 0
4 Extension of Bridge Life 50
5 Annual O&M of Existing Bridge $ 1,000
3 Annual O&M of New Bridge $ 1,000
a Annual Interest Rate--Percent 7.625
8 Capital Recovery Facter (for 50 years) 0.078235
5 | Annual Cost of New Bridge $ 64,708 |
i0 | Present Worth of Anmuity Factor for Extension of Bridge Life 12,7820 |
Present Worth of Benefit in Base Year, Credited to Bridge Life
11 Extension $827,000
Single Payment Present Worth Factor for Remaining Useful Life of
12 | Bxisting Bridge 1.00
33 | Present Worth in Year 1 of Bridge Life Extensicm $827,100
14 : Annual O&M Savings Based on New Bridge O&M $ -
Present Wroth Amnnuity of Factor for Remaining Useful Life of
15 | Bxisting Bridge $ .-
16 Present Worth in Year 1 of O&M Savings §827,100
17 | Present Worth of Total Credit $827,100
18 | Average Annual Benefit of New Bridge $ 64,708
3. o\ ion in flood i a With a flood control project,
the flood plain residents 1 d in the p d area will no longer need flood

insurance policies. It is appropriate to claim as a benefit the expense of
servicing these policies and a pro-rata share of FIA's administrative costs.
Table F-14 shows the computation process for the flood insurance costs saved,
which are claimed as a benefit of the project.
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14 shows the computation process for the flpod insurance costs saved,

which are claimed as a benefit of the project.

TABLE F-14

FLOOD INSURANCE BEMEYITS COMPUTATIONS
WITE PROJECT

The process consists of apportioning the total number of Flood Insurance

Policies reported by FEMA Regicnal Offices for _Puerto Rico to the total

number of urban structures in Puerto Rico (we agsume that structures

outside of the urban zones are not i d) and, th a of

multiple correlation, determine the number of policies that would

correspond to the study area.

Policies in force in Puerto Rico as of May 1995 25,260

Administrative cost per policy 115

Total number of housing units in urban areas in Puerto RicO 757,808
five p not at g level 37,890

Number of housing units at ground level in Puerto Rico 719,918

A 30 p additional urban structures other than residential 215,975

Total number of structures in urban areas in Puerto Rico 935,893

Ratio of Flood I Policies to urban structures in Puerto Rico 0.02699

Number of urban housing units in Salinas 1995 ( lated from

data) 4,871

Less five p d not at d level 244

Number of housing units at ground level in Salinas 4,627

Add structures other than residential in urban area of Salinas (30%) 1.461

Number of urban structures in Salinas: 6,089

Total number of structures in the study area affected by £flooding : 2,648

Total number of policies apportioned to the study area (2,648 x .02693) 71

Flood Insurance Administrative Costs saved (71 x 115) $8,219
4. The agricultural damages considered in this

analysis

Agricultural damages.
refer to losses attributed to flooding of crops and damage to the soil.

At the present time the area in question is mostly occupied by sugar cane
plantations, but is rapidly converting to vegetables and other cash crops.
Conversations with P. R. Department of Agriculture Officials suggest that the

acreage

would be converted to harvesting of vegetables and other cash crops for

which they have excellent incentive programs, both in the technical and also in
the financial areas. Since 1980 over 20,000 acres of land converted from sugar
cane to vegetables and other cash crops.

413




425

The following methodology WAS used to datermine flocd damages to
agriculture. The crops specified Delow are a sample of those actually harvested
in the salinas-Santa Isabel valley. Data on crops, production costs, and
profits, was provided the by P. R. Department of Agriculture (Products
Statistics).

Production cost and profits assuming two crops per year is as follows:

Product Cost/cda./year | Profit/cda./year
Green Peppers 3,675 1,580
Cucumbers 3,025 1,600
Dwarf Peppers 4,900 1,917

2,640 2,650
Egg-plant 3,210 2,800
Pumpkin 1,750 850

Note: cda. = cuexda = 0.97 acre

The production cost per major activity as percentage of total cost for the
various stages in harvesting is as follows:

Land Seed | Planting | Irrigation Weed Harvesting | Total
Preparation Removal
13 13 34 10 10 20 100

Expected losses, as percentage of total production cost plus profit, at
different stages during the production process is as follows:

Pe: d of particular activity
Flood Land
Elevation p i Pl ! Harvesting
(feet)
0.5 9 42 S6 70
1.0 9 42 56 80
1.5 9 45 60 90
2.0 9 48 64 100
2.5 9 48 72 100
3.0 9 51 80 100
3.5 9 S4 80 100
4.0 9 60 80 100

The duration of each activity for each production period is as follows:

Land Planting | Growing Harvesting
Preparation
2 weeks 2 weeks | 16 weeks 4 weeks

Percentage expected losses weighted by duration of each activity is shown
below.

414



426

ighted p damage Of particular activity
Flood Land Combined (%}
Elevation | Preparation | Planting | Growing Har d
{feet) Loases
0.5 0.75 3.5 37 12 53
1.0 0.75 3.5 37 13 54
1.5 0.7% 3.8 40 15 60
2.0 0.75 4.0 43 16 64
2.5 0.75 4.0 - 16 69
3.0 0.75 4.3 53 16 74
3.5 0.78 4.5 53 16 7
4.0 0.75 5.0 53 16 7%
The i igh damage at di flood elevations

provide the dapth-damage relaticnship for agriculture.

The damage relationship together with water surface elevations at the area,
a5 developed for the feasibility study, were used to estimate agricultural
daxages at three zones north of Playa de Salinas (the coastal zome). Table P-15
shown below indicates damage for each zome and for the three of them together by
£flood frequency.

TARLE P-15
000
Frequency | Depth of flooding Damage Factor Demage Total
Zome | Zome Tone | Zone | Zone | Zone 2008 Tone Zone
4 2 2 3 1 2 3 1 2 3 Dexege
2 O T o T 0 O 0 0 T 3
5 G.26 | 0.26 [ 0.480 | 0.480 (] 157,222 | 134,708 © 791,930 |
10 1.25 | 1.25 G 0.552 | 0.552 0| 160,805 § 154,305 0 335,110
25 2.43 | 2.43 T 0.570 | 0.570 0 186,701 | 159,337 0 346,037
50 2.95 | 2.95 % ]0.570 | 0.570 O] 186,701 | 359,337 o 346,037
100 3.40 | 3.48 | 0.66 |0.570 ] 0.570 | 0.538 | 1#%,701 | 359,337 | 90,345 | 426,382 |
E 4.00 | 4.00 | 1.31 |0.570 ] 0.570 _558 | 186,701 | 159,337 | 83,332 | 429,365
ZONES CROP_RARVESTED
[1. South of Industrial Park; East of | Bgg Plant
Why PR 701 Dwarf Peppers
. Southsast of Zone 12 Green Peppers
. East of Zone 1

Bxpected annual damages were estimated using the Corps of Engineers EAD
Program Version of May 27, 1968. The expected annual damage is $113,250.

¥hen computing agricultural benefits, they were assumed to be incidental to
the extended levee plan protecting the town and the Playa area. The benefits
will not accrue with the plan calling for a ring levee to protect the Playa area.
Also, 3if sugar cane rather than cash crops have been assumed to be the
predominant crop, it would not bave altered the results of the cost effective
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analysis done to determine the best Plan b the o levee plan
(protecting the town and Playa area) and the plan calling for a levee for the
town and a separate ring levee for the playa area.

E. Economics of the Risk-Based Recommended Plan

Several levee configuratioms and sizes were analyzed during the process of
plan formulation and selection. A detailed discussion of the risk-based analysis
(levee sizing process) is provided in the Main Report. The results of this
Procedure provide the plan that maximizes the NED benefits. The economics of
that plan are shown on Table F-16.

TABLE F-16

ECONGMICS OF
THE RISX-BASED RECOMMENDED PLAN
($1,000 of August 1996)

Total First Cost 12,313.6
Interest During Comstruction 541.5
Total Investment Cost 12,855.1
Interest & Amortization $1,005.7
Annual O&M Costs 66.0
TOTAL AMNUAL COST 1,071.7

Annualized Benefits

Inundation Red on 2,811.1
Agricultural 113.3
Exmployment 49.5
Flood Insurance 8.2
chy Bridge Repl 64.7
TOTAL ANNUAL BENEYITS $ 3,046.9
Net NED Benefits $1,975.1
Benefits to Cost Ratio 2.8/1

"Benefits and Costs Amortized at 7.625%
‘Period of Analysis = 50 years

‘First cost does not include PL 91-646 assistance payments nor
Cultural Resources Preservation
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